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PREFACE 


HE  formal  contents  of  this  book  have  been  deter- 


J-  mined  by  the  syllabus  of  the  conjoint  examining 
board  of  the  Royal  Colleges  of  Physicians  and  Surgeons 
of  England,  issued  for  the  guidance  of  candidates  pre- 
paring for  the  examination  in  Elementary  Biology.  I 
have  endeavoured  to  set  forth  the  necessary  facts  plainly, 
but  in  such  fashion  that  the  relations  they  bear  to  each 
other,  and  their  places  in  the  science  of  Biology,  shall  be 
apparent.  The  actual  facts  can  be  learned  only  with 
the  microscope  and  the  scalpel.  I  have  tried  to  make 
this  book  serve  as  a  guide  in  the  laboratory,  and  alsa 
to  supply  the  necessary  connecting  links  between  the 
isolated  facts  presented  by  the  seven  or  eight  plants  and 
animals  selected  out  of  the  multitude  of  living  organisms. 
I  hope,  therefore,  that  this  book  may  supply  outlines  of 
Biology  to  those  who  will  afterwards  proceed  to  that 
special  branch  of  Biology,  known  as  the  study  of  medi- 
cine, and  that  it  may  also  serve  those  who  propose  to 
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devote  themselves  afterwards  to  more  detailed  study  of 
zoology,  with  the  aid  of  more  advanced  text-books. 

In  following  so  well-beaten  a  track,  I  am  indebted  to 
many  predecessors,  to  whom  I  wish  to  make  grateful 
acknowledgment.  I  have  draAvn  all  the  figures  specially 
for  this  book  ;  in  two  or  three  cases  directly  from  figures 
already  published,  in  several  cases  from  the  specimens 
with  the  aid  of  published  figures.  These  are  acknow- 
ledged in  their  places  ;  the  others  are  original. 

P.  CHALMERS  MITCHELL 

London,  1894. 
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CHAPTER  I 
PROTOPLASM 

LIVING  BODIES  possess  many  familiar  properties 
which  give  them  an  unmistakable  character.  We 
may  be  unable  to  distinguish  in  them  growth  or  movement, 
the  phenomena  which  we  associate  most  readily  with  life, 
but  we  know  that  we  can  produce,  by  easy  mechanical  or 
chemical  methods,  an  arrest  or  alteration  of  the  processes  of 
life.  This  arrest  or  alteration,  that  we  call  death,  we  look 
confidently  to  be  foUov/ed  by  gross  changes  in  the  bodily 
substance.  The  form  and  consistency  alter  :  the  pleasant 
neutrality  of  the  odour  is  replaced  by  offensive  exhalations, 
and  the  substance  resolves  itself  into  water,  ashes,  and  gases. 
If  we  treat  the  living  substance,  be  it  part  of  a  growing 
root,  a  green  leaf,  or  part  of  the  fresh  tissue  of  an  animal, 
by  strong  heat,  by  placing  it  in  a  test-tube  held  over  a 
flame,  first  a  quantity  of  water  is  driven  off,  and  then  the 
substance  chars,  and  there  issues  a  thick  smoke  in  which 
ammonia  and  sulphur  can  be  detected.    We  arc  thus 
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certain  of  the  presence  of  hydrogen  and  oxygen,  nitrogen 
and  sulphur,  and  the  charred  remains  are  chiefly  carbon, 
and  these  elements  we  shall  find  to  compose  the  chief 
elements  in  living  material. 

If  an  exceedingly  thin  slice  or  shred  of  such  living 
material  be  placed  in  water  or  in  diluted  glycerine,  and 
examined  under  the  microscope,  it  may  be  seen  to  be 
composed  of  closely  packed,  distinct  pieces,  called  cells. 
If  the  substance  chosen  is  a  thin  film  picked  with  a 
needle  from  the  surface  of  a  leaf,  or  isolated  pieces 
scraped  with  a  blunt  edge  from  the  inside  of  one's  own 
cheek,  these  cells  exhibit  definite  cell-walls,  and  a  central 
thickening  or  nucleus,  and  manifestly  are  separate 
elements.  In  most  tissues,  and  especially  in  the  tissues 
of  animals,  the  outlines  of  cells  are  not  readily  seen. 
What  is  more  important  to  notice  is  that  these  cells, 
when  taken  alive  from  fresh  tissues,  and  preferably  from 
young  growing  tissues,  are  composed  of  a  semi-trans- 
parent, greyish  material,  looking  like  thin  gum  into 
which  small  transparent  granules  have  been  stirred. 
The  substance  which  has  this  appearance 
is  protoplasm,  and  is  the  living  part  of 
the  cells  of  all  animals  and  plants.  Animals 
and  plants  are  alive  and  growing  ;  their  protoplasm  is 
alive  and  growing  ;  and  we  know  protoplasm  only  as  a 
living  substance.  Chemical  analysis  kills  it,  and  dead 
material  is  not  protoplasm.  We  know  that  what  we  call 
protoplasm  is  a  mixture,  not  a  single  chemical  substance. 
It  is  alive,  and  therefore  constantly  building  up  food- 
materials  into  itself ;  constantly  breaking  down  part  of 
itself  in  the  process  of  doing  the  work  of  living  ;  con- 
stantly, again,  forming  substances  like  cell-walls,  like 
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enamel,  or  wax,  or  horn,  which  are  derived  from  proto- 
plasm, but  are  not  protoplasm.  Thus  protoplasm, 
as  we  look  at  it  under  the  microscope, 
and  as  we  must  carry  it  in  our  minds,  is 
a  flux  of  chemical  materials,  some  of  them 
food  in  various  stages  of  the  process  of 
building  up  into  living  substance,  some 
of  them  broken-down,  waste  products 
from  the  living  material  which  has  been 
used  up,  —  and  some  of  them  substances 
manufactured  by  the  living  material.  To 
see  it  one  chooses  young  growing  cells,  for  in  older  cells 
the  living  material  frequently  is  obscured  by  the  various 
substances  it  has  made. 

Protoplasm,  then,  is  not  a  definite  chemical  compound, 
but  a  jelly-like  substance  one  can  see  with  the  microscope 
when  one  knows  where  and  how  to  look  for  it.  How- 
ever, it  can  be  shown  that  protoplasm  consists  chiefly  of 
the  chemical  compounds  known  as  Proteids.  The 
general  composition  of  these  bodies  is — 


Oxygen 

from 

20-9 

to 

23-5 

Hydrogen 

n 

6-9 

n 

7-3 

Nitrogen 

)) 

15-2 

»» 

170 

Carbon 

M 

515 

•  J 

54-5 

Sulphur 

J» 

0-3 

20 

Besides  Proteids,  protoplasm  always  contains  a  large  bulk 
of  water,  small  quantities  of  carbo-hydrates  and  fats,  and 
traces  of  iron  and  of  phosphates  and  sulphates  of  potas- 
sium, calcium,  and  magnesium.  Hence  it  is  probable 
that,  if  in  the  material  called  protoplasm  a  special 
chemical  compound  be  present,  the  molecules  of  this 
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chemical  compound  are  much  more  complex  than  the 
molecules  of  Proteids. 

Protoplasm  is  dissolved  by  weak  acids  or  alkalies, 
though  in  this  process  of  solution  it  is  destroyed,  and 
cannot,  like  a  simple  chemical  substance  in  solution,  be 
recovered  unaltered  by  precipitation  or  evaporation. 
Strong  alcohol  coagulates  it,  but  this  again  changes  it 
as  water  is  withdrawn  in  the  process.  Heating  it  to 
about  40°  Cent,  coagulates  it  just  as  white  of  egg,  the 
best-known  proteid,  is  coagulated  by  boiling.  It  must  be 
noticed  that  all  these  methods  kill  animals  or  plants  just 
as  they  alter  the  living  material  of  these  animals  and 
plants. 

But  without  the  aid  of  chemistry  enough  may  be 
observed  about  protoplasm  to  give  it  a  very  definite  place 
in  the  world  of  facts.  First  of  all,  protoplasm  has  the 
power  of  movement.  This  can  be  seen  particularly  well 
in  the  delicate  cells  which  form  the  hairs  of  many  plants. 
The  staminal  filaments  of  Tradcscantia  (the  Virginian 
spiderwort)  are  set  thickly  with  delicate  blue  hairs. 
A  newly-opened  flower  should  be  chosen,  and  one 
or  two  of  the  blue  hairs  must  be  removed  with  great 
care  and  placed  on  a  slide  in  water  under  a  glass  cover- 
slip.  The  hairs  are  seen  under  the  microscope  to  be 
composed  of  elongated  barrel-shaped  cells  disposed  in 
single  rows.  On  careful  focussing,  the  inner  wall  of  each 
cell  is  seen  to  be  lined  with  a  layer  of  protoplasm,  thin 
in  some  regions,  heaped  up  in  others  (Fig.  i.  a).  In 
or  near  the  middle  of  the  cell  is  seen  the  nucleus,  a 
rounded,  more  opaque,  solid-looking  mass.  The  nucleus 
is  embedded  in  another  irregular  mass  of  protoplasm,  and 
from  this  to  the  layer  round  the  cell-wall  there  pass 


FlO.  I.  — a.  Cell  from  sUmiiwl  lilaincnl  of  Tnnkscantia.  The  pro- 
toplasmic threads  are  lij^ht,  and  in  them  are  contained  the  nucleus  and 
chlorophyll  granules.  The  spaces  between  the  threads  are  lllled  by 
coloured  cell  sap. 

b.  A  White  or  Amccboid  Corpuscle  from  the  blood  of  a  frog  showing 
changes  of  shape  undergone  during  five  minuter. 

c.  Group  of  Veast-cells  exhibiting  active  budding. 

some  arc  opaque,  some  readily  catch  the  hght  if  one 
moves  the  mirror  of  the  microscope  baclcwards  and 
forwards.    When  the  eye  has  become  accustomed  to  the 
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semi-transparent  protoplasm,  it  may  be  seen  that  constant 
streaming  movements  take  place,  especially  in  the  fine 
strands  running  to  and  from  the  nucleus.  In  some  of 
these,  the  protoplasm  and  granules  are  moving  towards 
the  nucleus,  in  others,  away  from  it;  while  occasionally  in 
the  same  strand  there  are  two  currents  passing  in  opposite 
directions.  In  this  restless  activity  the  shape  and  direc- 
tion of  the  strands  are  always  changing,  some  disappear, 
new  ones  arise,  the  cross  connections  break  down  and  are 
reformed  in  new  places,  and  the  whole  appearance  of  the 
network  changes  from  time  to  time.  Living  protoplasm 
moves. 

Another  kind  of  movement  can  be  seen  in  white  blood- 
corpuscles.  If  a  drop  of  fresh  blood,  taken  from  a  newt 
or  frog,  be  placed  on  a  perfectly  clean  slide  and  covered 
by  a  thin  cover-slip,  the  microscope  reveals  the  presence 
in  it  of  a  number  of  large  oval  cells  with  regular  outline 
and  reddish  tinge.  But  among  these  may  be  seen  a  less 
nmuber  of  smaller,  irregularly  shaped,  transparent  masses 
of  protoplasm.  As  the  preparation  would  soon  dry  by 
evaporation,  if  unprotected,  a  film  of  oil  should  be  drawn 
with  a  brush  round  the  edge  of  the  cover-slip.  Then,  if 
we  watch  one  of  these  white  or  colourless  corpuscles,  we 
see  that  the  shape  slowly  changes  (Fig.  i.  b).  At  first, 
most  probably,  it  appears  covered  with  delicate  prickles, 
which  are  really  extensions  of  the  protoplasm  of  the  cell. 
Sometimes  some  of  these  processes  lengthen,  become 
thicker,  and  even  may  bend  on  themselves.  A  group 
of  processes  may  get  pushed  out  on  one  side,  while  those 
on  the  other  become  withdrawn.  Moreover  the  shape  of 
the  whole  cell  is  constantly  altering,  and  the  cell  itself 
slowly  creeps  or  moves  through  the  liquid  in  which  it  is 
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floating,  by  the  extension  of  processes  on  one  side,  and 
their  retraction  on  the  other.  Careful  focussing  shows 
that,  as  in  the  hair-cell  of  Tradescantia^  the  protoplasm 
appears  to  consist  of  a  clearer  substance  with  granules 
imbedded  in  it,  and  both  clear  substance  and  the  granules 
share  in  the  streaming  movements.  In  this  case,  how- 
ever, the  movements,  instead  of  being  confined  within  a 
motionless  cell  wall,  cause  movement  through  space  of 
the  whole  cell.  This  second  kind  of  movement  is  called 
amoeboid,  and  the  processes  which  are  pushed  out  and  with- 
drawn are  named  pseudopodia.  With  other  forms  of 
protoplasmic  movement  the  student  will  become  familiar, 
but  these  two  forms  may  be  taken  as  sufficient  to  show 
the  fact  of  movement. 

The  movements  of  the  protoplasm  of  Tradcscnntin^  or 
of  the  white  corpuscles,  sometimes  cannot  be  seen  when 
the  preparation  has  just  been  made,  whereas  after  a  few 
minutes  they  are  very  visible.  The  shock  of  removal  to 
the  glass  may  have  arrested  their  motion,  and  slight 
pressure  with  the  point  of  a  needle  on  the  surface  of  the 
cover-slip  may  again  produce  quiescence,  while  activity  is 
resumed  if  the  stimulus  has  been  slight  enough  to  do  no 
damage.  Gentle  warmth  stimulates  the  movements  until 
about  45°  Cent,  has  been  reached,  when  all  movement 
ceases.  Electric  shocks,  and  the  application  of  many 
chemical  substances,  accelerate  the  movements.  All 
these  show  the  second  striking  fact  about  protoplasm — 
that  it  is  irritable,  that  it  is  able  to  respond  to  stimuli. 
Besides  the  stimuli  mentioned,  a  very  little  observation 
of  the  protoplasm  in  living  animals  and  plants  shows  that 
light,  food,  variations  in  the  fluids,  purity  or  impurity  of 
the  fluids   in   which   the   organisms  are  living,  serve 
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as  stimuli,  increasing  or  diminishing  protoplasmic  acti- 
vity. 

Next,  protoplasm  absorbs  food.  Sometimes,  as  with 
animals,  the  food  consists  of  the  bodies  of  other  animals 
and  of  plants  :  sometimes,  as  in  most  plants,  the  food  is 
purely  inorganic.  The  details  of  the  nutrition  of  proto- 
plasm will  have  to  be  considered  later  on.  Protoplasm 
constantly  is  exchanging  gases  with  the  surrounding  air 
or  water  ;  but  the  details  of  the  respiration  or  breathing 
of  protoplasm  must  also  be  treated  at  length  later.  As 
a  result  of  feeding,  protoplasm  grows.  Sometimes,  as 
in  the  body  of  an  adult,  growth  is  only  sufficient  to 
keep  pace  with  the  waste  of  tissue  which  goes  on  in  all 
living  animals  and  plants.  But  in  the  greatest  number 
of  cases  growth  means  actual  increase  in  size.  The 
separate  cells,  however,  do  not  grow  indefinitely  large. 
After  a  certain  size,  which  is  different  in  different  kinds 
of  cells,  a  cell  on  the  point  of  overgrowth  gives  off  a  bud 
which  grows  into  another  cell,  or  which  directly  divides 
into  two  daughter  cells.  If  we  examine  with  the  micro- 
scope some  of  the  white  frothy  substance  from  a  brewer's 
vat  called  yeast,  we  see  that  most  of  the  separate  round 
cells  which  have  been  floating  in  the  sweet  nutritious 
juices  in  the  vat  are  actively  budding  (Fig.  i.  c).  This 
is  the  simplest  kind  of  reproduction,  and  in  reality  is  a 
form  of  growth. 

Finally,  protoplasm  excretes,  or  turns  out  waste  pro- 
ducts. In  the  processes  of  life,  substances  generally 
coming  from  broken  down  protoplasm  are  extruded  by 
the  protoplasm.  Many  of  these  substances  are  soluble  in 
water,  and  are  turned  out  in  a  watery  fluid.  The  actual 
occurrence  of  this  can  be  seen  beautifully  in  many  single- 
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Fig.  2.— a.  A  Single-celled  Animal  (belonging  lo  ihe  Aiiiiclaus  or 
suctorial  Protozoa)  with  delicate  spherical  cell-wall,  and  long  knobbetl 
Ijseudopodia  ;  within  the  protoplasm  lies  a  small  nucleus  and  a  large 
contractile  vacuole. 

b.  The  same  ;  the  contractile  vacuole  has  disa]jpeared,  the  contents 
Ijeing  extruded  :  the  shrivelling  of  the  cell-wall  shows  the  loss  of  bulk 
undergone. 
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celled  animals.  If  one  takes  some  pond  or  ditch  water 
and  examines  it  under  a  microscope,  many  small  animals 
and  plants  may  be  seen.  But  if  it  be  poured  overnight 
into  a  flat  pan  in  which  two  or  three  clean  glass  slides 
have  been  placed,  a  number  of  single-celled  organisms  will 
settle  down  on  the  slides  during  the  night.  If  these  sHdes 
be  lifted  out  carefully,  wiped  on  the  under  surface  and 
covered  with  a  cover-slip,  one  can  hardly  miss  finding 
a  minute  single-celled  animal,  from  the  spherical  wall  of 
which  there  radiate  out  a  number  of  slender  knobbed 
pseudopodia.  The  protoplasm  is  clear  and  granular  : 
there  is  a  small  nucleus  :  but  most  obvious  is  a  round 
spot  that  looks  empty,  and  that  has  a  diameter  at  least 
half  the  diameter  of  the  whole  animal  (Fig.  2  <?).  As  one 
looks  at  it,  it  suddenly  disappears  ;  the  round  disc  of  the 
cell  becomes  shrivelled,  and  in  the  water  a  little  whirl- 
pool is  seen  as  if  an  oily  liquid  had  been  squeezed  out 
(Fig.  2  b).  Slowly  the  spot  reappears,  gets  larger  and 
larger,  and  bursts  again,  and  in  a  few  minutes  it  may  be 
seen  to  fill  and  empty  several  times.  This  spot  is  called 
a  contractile  vacuole,  and  a  contractile  vacuole  is  the  most 
visible  form  of  protoplasmic  excretion.  In  most  cells  the 
process  of  excretion  goes  on  slowly  throughout  the  cell, 
and  no  special  vacuole  is  seen.  But  it  may  be  taken  for 
granted  that  excretion,  whether  visible  or  not,  goes  on  in 
all  protoplasm.  One  must  not  confound  it  with  the 
extrusion  of  solid  indigestible  particles — a  process  which 
can  be  seen  in  some  living  cells — especially  animal  cells. 

Protoplasm,  then,  is  the  living,  semi- 
opaque,  jelly-like  substance  composing 
the  bulk  of  the  living  cells  of  animals 
and    plants.     It    is     made    up    chiefly  of 
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water  and  of  the  chemical  substances 
known  as  proteids,  and  it  possesses  the 
properties  o f — M o v e m e n t ,  Irritability, 
Feeding,  Respiration,  Growth  and  Repro- 
duction, Excretion. 

Under  high  magnification  it  may  be  seen  that  many 
of  the  granules  appear  hke  the  crossing  points  of  a  fine 
mesh-work,  and  that  prutoplasm  apparently  consists  of 


3. — Proloplasm  o[  Aiiiaiia  acliiiophora. 
Fig.  4. — I'rotopla.sin  of  nucleus  with  pari  of  surrounding  protoplasm 
from  ganglion  cell  of  an  ox.    (From  15iitschli.) 


a  firmer  mesh- work,  the  strands  or  which  are  refractive, 
and  a  fluid  which  fills  the  interstices  of  the  mesh-work 
(Figs.  3  and  4).  Professor  Biitschli  has  shown  recently 
that  an  artificially  produced  very  fine  froth  or  foam 
exhibits  under  the  microscope  precisely  the  same  ap- 
pearance (Fig.  5).  In  his  artificial  foams  the  minute 
bubbles  consisted  of  tiny  drops  of  a  kind  of  soap  in  solu- 
tion, each  surrounded  by  a  thin  film  of  oil.   When  a  drop 
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of  this  foam  is  brought  in  contact  with  water,  streaming 
movements,  closely  resembling  the  movements  in  proto- 
plasm, are  produced  and  the  drop  of  foam  moves  slowly 


Fig.  5. — Foam  of  Olive  Oil  and  Carbonate  of  Potassium,  very  viscous, 
much  magnified  and  pressed  into  fibrils  by  the  cover-slip.  The  upper 
figure  is  a  higher  magnification  of  part  of  the  lower  figure.  (From 
Btitschli.) 

through  the  water.  It  is  therefore  quite  possible  that 
the  network  of  protoplasm  really  is  a  fine  froth,  the 
strands  being  a  fluid  surrounding  droplets  of  another 
fluid — the  apparently  more  liquid  part  of  protoplasm. 


CHAPTER  II 


THE  BUILDING  UP  OF  PROTOPLASM 

PROTOPLASM  and  substances  formed  by  it  are  the 
material  of  the  tissues  of  all  animals  and  plants  ;  and 
all  animals  and  plants,  in  consequence  of  this,  have  the 
powers  of  Movement,  Irritability,  Feeding,  Respiration, 
Growth  and  Reproduction,  and  Excretion.  The  indi- 
vidual cells  of  the  animal  or  plant  bodies  may  be  built 
up  into  complicated  tissues  and  organs  which  serve 
special  purposes,  and  in  the  elaborate  systems  of  higher 
animals  and  plants  these  tissues  and  organs  may  assist, 
or  regulate,  or  interfere  with  each  other's  work.  But,  in 
every  case,  the  actual  work  done  is  done  by  individual 
cells,  and  the  result  that  we  see  is  the  combined  work 
of  the  large  number  of  individual  cells  present  in  the 
organs.  For  instance,  the  hands  may  take  food  to  the 
mouth,  the  teeth  chew  it,  the  muscles  of  the  tongue  and 
mouth  and  gullet  force  it  down  ;  but  it  is  ultimately 
the  individual  cells  lining  the  intestines  that  absorb  and 
really  cat  the  meal.  Similarly  all  the  powers  of  animals 
or  plants  can  be  traced  down  to  individual  cells,  down  to 
protoplasm  itself. 

Practically,  then,  the  living  world  is  protoplasm.  In 
the  processes  of  life,  protoplasm  is  constantly  being  used 
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up.  A  starved  organism  loses  in  weight,  and  even  while 
food  is  abundant,  protoplasm  is  constantly  being  broken 
down.  When  an  animal  or  plant  dies  and  decays,  proto- 
plasm is  destroyed.  How,  then,  is  this  substance  built 
up  from  the  inorganic  materials  in  the  world  ? 

If  we  consider  the  food-supply  of  the  land,  it  is 
clear  that  flesh-eating  animals  practically  only  turn 
the  protoplasm  of  their  prey  into  their  own  proto- 
plasm, and  that  their  life  is  dependent  on  the  life  of 
other  animals.  Animals  with  an  omnivorous  diet  live 
partly  on  animal  protoplasm,  partly  on  the  tissues  of 
plants.  Other  animals  live  entirely  on  plants.  If,  seeking 
an  answer  to  our  problem,  we  turn  to  plants,  we  can 
dismiss  many  which,  like  moulds  and  fungi,  live  on 
living  or  decaying  organic  matter,  and  we  are  left  with 
the  green  vegetation  of  the  earth.  The  food  supply  of 
the  sea  is  less  easy  to  understand.  The  vast  majority 
of  marine  animals  are  predatory.  Most  seabirds  are 
fish-eaters  ;  most  fish  live  on  other  fish,  or  on  small 
swimming  animals  like  the  larvoe  of  Crustacea  which 
abound  in  the  waters.  Others  live  on  the  shellfish  of 
the  bottom,  or  on  worms  and  anemones  and  coral  polyps. 
Most  of  these  lower  forms  of  life  are  themselves  carnivo- 
rous, and  at  first  sight  it  seems  as  if  there  was  no  answer 
to  our  problem.  The  amount  of  floating  seaweed  or  the 
seaweed  round  the  coasts  is  not  nearly  enough  to  replace 
the  vegetation  of  the  land.  Some  debris  comes  down 
from  the  land  ;  the  sewage  in  the  Thames,  for  instance, 
ultimately  supplies  food  for  the  rich  fishing  stations  oflf 
Yarmouth  or  on  the  Dogger  bank  ;  the  sewage  of  the 
Clyde  fattens  the  herrings  of  Loch  Fyne.  But  the 
greater  part  of  the  open  sea  is  not  supplied  with  organic 
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remains  from  the  land.  If,  however,  we  examine  a 
bucket  of  surface  water  there  are  to  be  found  in  it 
innumerable  microscopic  plants,  and  these,  like  the  green 
vegetation  of  the  earth,  form  the  first  stage  in  the  build- 
ing up  of  protoplasm  ;  and  like  most  plants  with  which 
we  are  familiar,  very  many  of  these  minute  plants  have 
a  green  colour.  The  starting-point  of  the  food  supply 
of  land  and  sea  is  green  vegetation.  The  formation  of 
protoplasm  from  inorganic  materials  depends  on  the 
substance  to  which  this  green  colouring  is  due,  and 
which  is  called  Chlorophyll  (green  of  leaf).  If  some 
green  leaves  are  soaked  in  alcohol,  the  green  colouring 
matter  is  dissolved  and  forms  a  clear  solution,  bright 
green  in  colour.  This  solution  is  Jiiioresccnt^  for  it  is 
green  when  the  light  shines  through  it,  but  the  colour 
appears  red  under  a  strong  reflected  light. 

When  examined  under  the  spectroscope  it  is  seen  to 
remove  part  of  the  red,  but  the  whole  of  the  blue  and 
violet  rays.  There  probably  is  a  connection  between 
this  large  absorption  of  radiant  energy  and  the  striking 
functions  of  chlorophyll.  Every  living  cell  containing 
chlorophyll  in  the  presence  of  sunlight  performs  chemical 
work.  It  absorbs  carbonic  acid  from  the  air,  tears  apart 
the  carbon  and  oxygen,  and  the  oxygen  is  returned  to 
the  air.  The  carbon  is  not  retained  as  pure  carbon,  but, 
probably  in  the  act  of  being  separated  from  the  carbonic 
acid,  is  associated  with  hydrogen  and  oxygen  in  the  form 
of  a  simple  carbohydrate — that  is,  a  compound  of  carbon, 
hydrogen,  and  oxygen,  in  which  tlie  hydrogen  and 
oxygen  are  in  the  same  proportion  as  they  are  in  water 
[C'(H.O)>']. 

This  leads  to  another  striking  fact.    Carbon  combines 
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readily  with  oxygen,  and  in  the  process  sets  free  energy 
in  the  form  of  heat.  What  then  takes  place  in  plants,  by 
the  agency  of  chlorophyll,  is  a  turning  of  radiant  energy 
of  sunlight  into  potential  energy  ;  the  radiant  energy  is 
stored  up  in  the  form  of  a  chemical  compound  of  such 
a  kind  that,  by  union  with  free  oxygen,  it  will  liberate  the 
energy  again. 

From  one  point  of  view  plants  and  animals,  or  the 
protoplasm  of  which  they  consist,  may  be  regarded  as 
centres  of  force,  as  things  capable  of  doing  work  ;  and 
here,  as  the  secret  of  their  food-supply,  as  the  first  stage 
in  the  building  up  of  protoplasm,  is  to  be  found  a  supply 
of  energy,  a  means  by  which  the  radiant  energy  of  sun- 
light is  stored  up  in  a  form  which  can  be  used.  The 
plants  which  possess  chlorophyll  store  up  the  energy  : 
the  animals  which  feed  upon  plants  use  this  store  for 
their  own  lives,  but  retain  enough  in  their  own  bodies 
to  serve  for  the  carnivorous  animals  which  eat  them. 
Carbon  or  Carbohydrates,  when  supplied  with  oxygen, 
form  carbonic  acid,  and  give  out  energy  as  heat.  Although 
the  chemical  details  of  the  processes  of  life — what  is  called 
the  metabolism  of  protoplasm — are  very  complicated,  it 
may  be  said  generally  that  protoplasm  takes  in  oxygen, 
performs  the  work  of  life,  and  gives  out  carbonic  acid  ; 
and  that  it  is  enabled  to  do  this  by  the  capacity  chloro- 
phyll has  for  absorbing  the  energy  of  sunlight  and  storing 
it  up  in  the  form  of  carbon  compounds  with  less  oxygen 
than  the  proportion  in  carbonic  acid  (CO,). 


CHAPTER  III 


GREEN  PLANTS 
Protococcus  '  AND  Spirogvra 

THE  bark  of  trees  and  the  surfaces  of  palings  are 
frequently  covered  by  a  green  layer,  which  comes  off 
as  a  green  powder  if  the  finger  or  the  sleeve  of  one's  coat 

'  The  name  Protococcus  has  been  applied  both  to  the  resting  and  to 
the  motile  phases  of  two  plants  : 

Pleurococcus  vulgaris. 

Synon  y ms — Protococcus  vulgaris. 

Protococcus  coinniunis. 
Hcciiiatococcus  vulgaris. 

This  is  the  green  alga  occurring  abundantly  on  the  bark  of  trees,  old 
palings,  &c.  It  has  a  resting  and  a  gonidial  phase;  the  latter,  when  in 
water,  is  ciliated,  and  both  red  and  green  colour  may  occur  in  the  same 
plant,  streaked  or  aggregated. 

Protococcus  pluvialis,  Kutz.  =  Chlamydococcus  pluvialis,  Br. 

This  is  a  very  variable  plant  occurring  in  water,  and  having  a  motile 
generation  usually  succeeded  by  an  indefinite  number  of  quiescent 
forms.    It  is  usually  relegated  to  the  Volvociiie(C. 

The  quiescent  stage  obtained  from  bark,  &c. ,  is  Pleurococcus  ;  that 
from  water  is  Protococcus :  the  motile  stages  in  water  may  belong  to 
either. 
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be  rubbed  against  it.  Shake  a  very  small  quantity  of  this 
green  powder  on  a  glass  slide  ;  cover  with  a  drop  of 
water  and  a  glass  cover-slip,  and  examine  under  a  higher 
power  of  the  microscope.  The  powder  will  appear'is  a 
number  of  cells  with  green -coloured  contents,  occurring 
sometimes  solitarily,  but  more  often  in  groups  of  two, 
four,  or  more  (Fig.  6,  a  and  b).     This  occurrence  in 

groups  is  due  to  divi- 
sion ;  the  plant  has 
been  feeding  and  grow- 
ing actively,  and  divi- 
sion of  a  cell  into  two, 
and  of  each  of  the  two 
into  another  two,  is  in 
active  progress.  The 
daughter  cells  gradu- 
ally become  rounded 
and  separate  from  each 
other,  and  various 
stages  in  this  process 
may  be  observed. 
Select  a  single  large 
cell  for  special  exami- 
nation. The  cell  is  surrounded  by  a  definite  tran- 
sparent cell-wall,  sufficiently  thick  to  show  a  double 
contour.  The  green  contents  of  the  cell  are  not  per- 
fectly uniform,  but  the  green  colouring  matter  (chloro- 
phyll) is  confined  to  a  number  of  small,  irregular  bodies, 
named  chromatophores.  These  are  tightly  packed  to- 
gether, and  fill  up  the  greater  part  of  the  cell  ;  but  here 
and  there,  especially  in  the  centre  and  round  the  circum- 
ference, the  clear  transparent  cell-protoplasm,  in  which 


Fig.  6. — a.  and  b.  Pleurococcus.  a. 
Four  cells  in  the  natural  condition  much 
enlarged,  b.  Single  cell  stained  to 
show  the  nucleus  in  the  centre  sur- 
rounded by  the  chromatophores  which 
are  separated  from  the  cell-wall  by  a 
short  space.  c.  Resting  Stage,  d. 
Motile  Stage  of  Frotococcus,  showing 
pyrenoids  as  white  spots. 
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they  are  embedded,  may  be  observed.  If  a  few  drops 
of  iodine  solution  be  run  under  the  cover-slip,  the  chro- 
matophores  and  the  protoplasm  become  more  distinct, 
and,  in  the  clear  central  space,  the  nucleus,  a  small, 
semi-opaque  body  almost  invisible  before,  becomes  appa- 
rent. The  cell-wall,  like  the  nucleus  and  protoplasm,  is 
tinged  pale  brown  by  the  iodine.  If  some  cells  be  allowed 
to  soak  in  strong  iodine  solution  for  a  few  minutes,  and 
then  be  transferred  to  sulphuric  acid  (75  per  cent,  solu- 
tion), the  brown  of  the  wall  turns  to  a  dark  blue.  This 
is  a  characteristic  test  for  a  substance  closely  allied  to 
starch  and  sugar,  called  cellulose,  which  forms  the  cell- 
wall  of  most  plant  cells. 

When  these  green  cells  are  kept  in  rain-water,  exposed 
to  light,  for  some  days,  they  give  rise  to  a  motile  form. 
Drops  of  the  water,  taken  from  time  to  time,  should  be 
examined  under  a  cover-slip  with  the  higher  power  of 
the  microscope  until  small  green  cells,  actively  moving 
about,  are  observed.  In  these  the  cell-wall  is  thinner, 
and  the  chromatophores,  compared  with  the  colourless 
protoplasm,  have  a  smaller  bulk  than  in  the  resting 
phase.  The  cells  are  slightly  elongate,  and  move  with 
the  same  end  forwards.  At  this  end  a  pair  of  delicate 
processes,  nearly  invisible  until  the  cell  has  been  killed 
and  stained  by  iodine,  protrude  from  the  protoplasm 
through  the  cell-wall.  They  are  termed  cilia,  and  it  is 
by  their  rapid  twisting  vibrations  that  the  cell  is  screwed 
or  pulled  through  the  water. 

In  the  mud  from  a  rain-gutter,  or  in  the  semi-liquid 
scum  from  a  rain-water  tank  exposed  to  air,  a  similar 
plant,  also  commonly  called  Protococcus^  is  abundant. 
Some  of  this  mud  or  scum  should  be  mixed  with  a  small 
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quantity  of  water,  and  drops  of  the  fluid  examined  in 
the  same  manner  as  the  green  powder  from  the  bark. 
Among  the  many  small  organisms  present,  there  may  be 
a  number  of  isolated  round  cells,  coloured  green  or  brown, 
and  possessing  a  thick  cellulose  cell-wall  (Fig.  6,  c).  The 
contents  consist  of  protoplasm,  chromatophores,  and  a 
nucleus,  and  the  cells  are  the  resting  stages  of  Proto- 
coccns.  The  colour  of  the  chromatophores  usually  is 
green,  and  is  due  to  chlorophyll  ;  but  it  may  also  be  red, 
or  green  streaked  with  red.  The  red  colour  is  due  to 
a  modification  of  chlorophyll  called  hsematochrome  ;  but 
apparently  the  use  of  the  material,  whether  red  or 
green,  is  identical.  Embedded  in  the  chromatophores  are 
numerous  small  ovoid  bodies,  which  catch  the  light 
sharply  if  the  mirror  under  the  microscope  be  flashed  to 
and  fro.  When  the  plant  is  treated  with  iodine,  these 
bodies  stain  a  dark  blue.  They  have  been  found  to  con- 
sist of  a  proteid  substance,  covered  by  a  thin  layer  of 
starch,  and  are  called  pyrenoids.  They  do  not  occur  in 
the  green  plant  obtained  from  the  bark  of  trees. 

Occasionally  the  resting  stage  may  be  seen  to  be  dividing 
within  the  cell- wall.  The  contents  of  the  cell  break  up 
into  two,  and  then  into  four,  and  then  the  cell-wall 
breaks,  and  the  results  of  division  emerge  as  tiny  elon- 
gate cells,  which  move  actively  about.  But  if  the  actual 
process  of  division  be  not  seen  in  the  water  containing 
the  resting  forms,  resulting  motile  forms  are  certain  to 
be  noticed  (Fig.  6.  d).  These  move  steadily  through  the 
water,  with  one  end  directed  forwards.  In  the  active 
condition,  the  chief  difference  from  the  resting  condition 
appears  to  be  that  the  cell-wall  is  very  thin,  and  is  some 
distance  from  the  coloured  contents.    But  if  a  drop  of 
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solution  of  iodine  be  added  to  the  water,  movement 
becomes  slower  and  finally  ceases.  The  cause  of  the 
movement  can  be  seen  in  two  long  thin  colourless 
threads,  each  larger  than  the  length  of  the  cell.  These 
"  flagella,"  or  "  cilia,"  project  from  the  cell  contents  at 
one  end,  cross  the  interval  between  the  cell  contents  and 
the  cell-wall,  and  project  through  that,  and  by  their 
waving  vibrations  pull  the  animal  through  the  water. 
However  long  Protococcus,  in  any  of  its  forms,  be  watched, 
it  is  never  seen  to  take  in  or  to  pass  out  any  solid  particles. 
The  firm  structure  of  the  cell-wall  would  render  this 
impossible.  It  must  live  on  substances  either  in  a  state 
of  solution  in  water  or  in  a  gaseous  condition.  Either 
directly  from  the  air  or  from  the  rain-water,  in  which  a 
certain  quantity  of  air  is  always  dissolved,  Proiococais  has 
access  to  oxygen,  carbonic  acid,  and  nitrogen.  The  rain- 
water in  which  the  motile  phases  live,  or  the  damp 
situations  where  resting  phases  occur,  contain  nitrates, 
ammonia,  frequently  common  salt,  and  small  quantities 
of  sulphates  and  phosphates — chiefly  of  lime.  Thus  all 
the  materials  for  protoplasm  are  present  ;  and  as  Proto- 
coccus  grows  and  multiplies,  it  has  the  power  of  building 
up  protoplasm  from  them.  When  a  quantity  of  Proto- 
cocctis  is  exposed  to  sunlight  in,  for  instance,  a  very 
slender  test-tube  filled  with  water  and  inverted  in  a 
saucer  of  water,  bubbles  of  gas  are  given  off ;  and  when 
a  sufficient  quantity  has  been  collected,  the  gas  may  be 
proved  to  be  oxygen.  This  oxygen  comes  from  the  carbon 
dioxide  of  the  air  decomposed  by  the  sunlight  and  chloro- 
phyll. The  stages  in  the  combination  of  the  carbon  into 
proteids  and  protoplasm  are  matters  of  theory.  Many 
simple  compounds  of  carbon,  hydrogen,  nitrogen,  and 
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oxygen  occur  in  plants,  and  these  may  be  stages  in  the 
elaboration  of  protoplasm.  But  protoplasm  zs  formed, 
for  Protococcus  grows.  It  is  not  even  certain  where  the 
nitrogen  comes  from.  In  the  majority  of  plants  the 
nitrogen  of  the  air  is  not  made  use  of  directly,  but  is 
obtained  only  from  salts— chiefly  nitrates.  Some  plants 
— and  among  them  some  green  single-celled  plants  like 
Protococcus — do  make  use  of  free  nitrogen. 

It  is  by  the  breaking  down  of  protoplasm  that  energy, 
absorbed  from  sunlight  through  the  agency  of  chlorophyll, 
is  liberated  for  the  vital  processes  of  the  plant.  And  so 
there  are  to  be  found  in  cells  like  Protococcus  various  sub- 
stances derived  from  protoplasm,  but  with  a  simpler 
structure.  Some  of  these  are  clearly  useful.  The  cellu- 
lose cell- wall  is  very  indestructible,  and  protects  the 
delicate  protoplasm  and  gives  it  some  rigidity.  The 
pyrenoids  may  serve  as  a  store  of  nutriment.  When  the 
plants  are  in  darkness,  they  are  unable  to  decompose 
carbonic  acid,  and — certainly  in  the  case  of  higher  plants 
— starch,  formed  in  sunlight,  disappears  in  darkness. 
There  are  also  nitrogen-containing  substances  formed  by 
protoplasm,  and  these  substances  appear  to  be  harmful  if 
retained  within  it.  Where  a  pulsating  vacuole  exists,  it 
serves  for  their  removal  in  a  state  of  solution  in  water. 
In  other  cases  they  pass  out  through  the  cell-wall,  or  are 
stored  up  as  concretions. 

Without  attempting  to  go  into  obscure  and  disputed 
details,  one  may  lay  down  that  oxygen  is  used  in  these 
changes  of  protoplasm,  and  that  more  oxygen  is  combined 
with  the  substances  formed  by  protoplasm  than  with  the 
substances  of  which  protoplasm  consists.  In  other  words, 
the  processes  of  life  take  place  by  an  oxidisation  of  proto- 
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plasm.  The  oxidised  substances  are  the  ashes  of  the 
furnace  ;  some  of  them,  because  they  choke  the  fire, 
must  be  removed  ;  some  may  be  turned  to  account,  as, 
for  instance,  to  strengthen  the  walls  of  the  furnace  ; 
others — those  which  are  not  completely  burnt  up — may 
be  stored  to  use  when  fuel  is  difficult  to  obtain.  The 
removal  of  purely  waste  substances  from  protoplasm  is 
called  "  excretion  "  ;  the  formation  of  useful  substances 
is  called  "  secretion  "  ;  but  these  two  grade  into  each 
other,  and  probably  all  secretions  were  at  first  excretions. 
Among  the  chief  excretions  of  protoplasm  are  water  and 
carbonic  acid.  In  the  case  of  green  plants,  the  proto- 
plasmic excretion  of  carbonic  acid  and  absorption  of 
oxygen  during  sunlight  is  disguised  by  the  greater  activity 
of  chlorophyll — using  up  carbonic  acid  and  discharging 
oxygen. 

Many  other  green  plants  live  under  conditions  similar 
to  those  of  Protococcus.  In  summer,  ponds  and  lakes  and 
fresh-water  streams  gradually  become  fuller  and  fuller  of 
them.  In  fresh  water  which  is  moderately  clear,  among 
the  floating  green  weeds  one  may  pick  up  handfuls  of 
green  threads,  which  feel  silky  and  slippery.  Among 
these  green  threads  it  is  easy  to  pick  out  with  the  micro- 
scope the  plant  known  as  Spirngyrn.  For  that  plant  has 
the  chlorophyll,  to  which  the  colour  is  due,  arranged  in 
spiral  bands  wound  round  and  round  within  the  colour- 
less thread.  The  thread  consists  of  a  number  of  cylin- 
drical cells  of  different  lengths,  arranged  end  to  end  (Fig. 
7,  a  and  h).  The  threads  never  branch,  and  the  diameter 
is  constant  along  the  thread.  Except  for  difference  in 
the  length  of  the  cells,  the  thread,  whether  long  or  short, 
has  the  same  appearance  throughout  its  length.  The 
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threads  are  unattached  and  motionless,  forming  floating 
masses  in  water.  The  cell-walls  are  colourless  and  trans- 
parent, and  a  common  wall  separates  cells  lying  next 
each  other  in  the  threads. 


Fig.  7. — Spirogyra.  a.  Part  of  a  filament  highly  magnified  showing 
a  single  cell  with  the  ends  of  adjoining  cells.  1  he  cell-wall  is  lined  by 
a  thin  colourless  layer  of  protoplasm  from  which  threads  run  to  the 
protoplasm  surrounding  the  nucleus  and  to  the  chromatophore,  which 
is  a  green  band  wound  round  the  interior  of  the  cell  and  containing 
pyrenoids. 

I),  c,  d,  e.  Stages  in  conjugation,  to.  Adjoining  filaments  with  pro- 
cesses growing  out  from  opposite  cells  ;  c,  d,  e.  Two  cells  in  which  the 
chromatophores  have  broken  up  and  the  protoplasm  has  aggregated 
into  lumps ;  at  C  and  d  the  protoplasm  of  one  cell  is  passing  into  that 
of  the  other ;  at  e  the  protoplasm  of  both  cells  has  fused  to  form  a 
spore  in  one  of  them. 

The  spiral  bands  vary  in  number,  and  in  the  tightness 
of  the  coils,  in  different  species.  They  are  similar  to  the 
green  masses  in  Protococcns  and  like  them  are  chromato- 
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phores — masses  of  protoplasm  impregnated  by  chlorophyll. 
Embedded  in  the  chromatophores  are  a  varying  number 
of  clear  bodies  like  crystals  consisting  of  a  central 
proteid  substance  covered  by  a  layer  of  small  starch 
grains,  the  pyrenoids.  In  cells  where  the  green  coils  are 
loosely  arranged  so  that  they  do  not  obscure  the  rest  of 
the  cell,  streaming  threads  of  granular  protoplasm  may  be 
seen,  as  in  Tradescantia^  passing  from  a  central  body  of 
protoplasm  containing  a  nucleus,  to  a  thin  layer  lining 
the  cell  walls.  Other  streaming  threads  pass  from  the 
nucleus  to  the  chromatophores.  Treatment  with  re- 
agents is  necessary  to  complete  the  examination.  If 
solution  of  iodine  be  run  into  the  water  under  the  cover- 
slip,  the  starch  grains  surrounding  the  pyrenoids  are 
stained  blue  ;  the  protoplasmic  threads  and  the  nucleus 
become  tinged  with  brown.  Iodine  and  sulphuric  acid, 
by  tinging  the  cell-wall  blue,  show  that,  as  in  Protococcus 
and  in  most  vegetable  cells,  it  is  composed  of  cellulose. 

Very  often  the  protoplasm  lining  the  cell-wall  is  in- 
visible, while  the  cell  is  alive.  If  a  ten-per  cent  solution 
of  common  salt  be  run  under  the  cover-slip,  water  is 
absorbed  from  the  cell  contents,  and  the  protoplasm 
shrinks,  leaving  a  clear  space  between  itself  and  the 
cell-wall. 

Protoplasm  is  so  colourless  that  it  is  not  seen  readily 
under  the  microscope.  It  contains  many  substances 
which  are  different  in  their  functions  but  which,  at  least 
in  the  living  cell,  cannot  be  distinguished.  For  these 
reasons,  elaborate  methods  of  staining  are  required  for 
microscopical  investigation.  The  methods  are  compli- 
cated and  very  numerous,  but  they  depend  on  the  fact 
that  the  different  substances,  however  alike  in  appear- 
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ance,  have  physical  or  chemical  differences  which  cause  a 
difference  in  the  kind  or  amount  of  colouring  which  is 
absorbed  from  stains.  A  great  part  of  microscopical  work 
consists  in  the  careful  selection  and  application  of  stains, 
to  pick  out  the  slightest  differences  in  the  protoplasm. 
But  simple  methods  will  show  much.  If  some  Spirogyrn 
be  placed  for  twelve  hours  in  a  saturated  solution  of 
picric  acid,  the  protoplasm  is  killed  and  hardened 
"  is  the  technical  term),  and  the  chlorophyll  is 
dissolved  out.  The  threads,  or  small  pieces  of  them, 
should  then  be  washed  thoroughly  in  distilled  water  to 
remove  the  acid,  which  has  done  its  work.  The  threads 
will  now  readily  be  coloured  red  by  a  solution  of  borax 
carmine.  When  they  have  been  soaked  for  nearly  an 
hour  in  that,  they  should  be  placed  for  a  few  seconds  in 
alcohol  slightly  acidified  by  hydrochloric  acid.  The  acid- 
alcohol  appears  to  dissolve  out  the  greater  part  of  the 
stain,  but  it  has  a  stronger  action  upon  some  parts  of  the 
protoplasm  than  upon  others.  The  acid-alcohol  must  be 
washed  out  with  neutral  alcohol  and  pieces  of  the  stained 
plant  may  be  examined  on  a  slide  in  a  drop  of  glycerine, 
covered  by  a  slip.  But  it  is  better  to  place  a  small  piece 
in  alcohol  on  a  slide  ;  to  soak  up  most  of  the  alcohol  with 
the  edge  of  a  piece  of  blotting  paper  ;  to  replace  it  by 
stronger  alcohol  ;  and  after  a  few  minutes  soaking  to 
replace  by  absolute  alcohol  :  after  a  similar  interval  to 
replace  by  oil  of  cloves  or  chloroform  :  and  finally  to 
replace  by  canada-balsam  dissolved  in  benzine  or  chloro- 
form. A  cover-slip  having  been  placed  on  the  balsam 
while  it  is  still  liquid,  the  benzine  or  chloroform  slowly 
evaporates  and  a  permanent  transparent  preparation  has 
been  made. 


GREEN  PLANTS 


27 


In  such  a  preparation  the  protoplasm  is  tinged  pink. 
It  can  be  seen  to  consist  of  a  layer  lining  the  cell-wall  and 
connected  by  strands  with  a  central  mass  of  protoplasm. 
This  again  is  connected  by  strands  with  the  spiral  proto- 
plasmic bands,  which,  impregnated  during  life  with 
chlorophyll,  composed  the  chromatophores.  The  proteid 
part  of  the  pyrenoids  is  stained  darker  red,  and  the 
nucleus  also  is  stained  more  darkly  than  the  rest  of  the 
protoplasm.  In  a  young  cell  the  protoplasmic  layers  and 
strands  are  larger  relatively  to  the  size  of  the  cell,  than 
in  an  older  cell.  The  cell,  in  fact,  seems  to  be  filled  with 
protoplasm  in  which  there  are  irregularly  placed  cavities. 
In  the  living  condition  the  cavities  are  filled  with  cell-sap, 
a  watery  solution  frequently  coloured,  and  containing 
sugar  and  various  soluble  bodies.  As  the  cell  grows 
older  the  cavities  or  vacuoles  increase  in  size,  and  the 
strands  and  outer  layer  become  thinner  and  thinner  until 
the  adult  condition  is  reached.  In  that  condition  the 
thin  layer  of  protoplasm  lining  the  wall  is  called  the 
primordial  utricle. 

In  the  stained  specimen  it  may  be  seen  that  the 
nucleus  is  a  biconcave  disc  so  placed  that  the  faces  of  the 
disc  are  parallel  with  the  ends  of  the  cell.  The  shape  of 
the  nucleus  varies  in  the  cells  of  different  plants  or 
animals,  in  different  kinds  of  cells  in  the  same  organism, 
and  even  in  the  same  cells  at  different  times.  Within 
the  nucleus,  darkly  stained  particles  are  visible  ;  fre- 
quently there  is  one  larger  than  the  other,  called  the 
nucleolus.  The  presence  within  the  nucleus  of  a  sub- 
stance which  stains  more  deeply  than  the  protoplasm  is 
invariable  in  plants  and  animals,  and  this  substance  from 
its  greater  capacity  for  absorbing  stains  is  named  chro- 
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matin.  The  chromatin  may  be  arranged  as  a  coiled 
band,  in  nodules,  or  in  particles  so  fine  as  to  elude  obser- 
vation. During  the  division  of  cells,  definite  and  striking 
changes  occur  in  the  arrangement  of  the  chromatin,  and 
there  is  strong  reason  for  believing  that  this  substance  is 
the  seat  of  many  important  properties  of  cells,  and 
especially  those  properties  that  give  cells  their  individual 
features.  If,  for  instance,  the  chromatin  of  two  kinds  of 
Spirogyrn  could  be  interchanged,  it  is  very  probable  that 
those  differences  by  which  we  distinguish  the  kinds  of 
Spirogyra  would  also  be  interchanged.  As  we  shall  see 
later,  the  chromatin  is  concerned  specially  in  sexual 
reproduction,  in  which  process  cells  from  two  parents 
combine  to  form  a  new  individual. 

By  day,  Spirogyra  like  Protococcus  rapidly  assimilates 
food,  and  at  night,  if  the  temperature  is  not  too  low  for 
vital  processes  to  go  on  actively,  the  starch  grains  formed 
by  day  disappear,  and  an  exceedingly  active  growth  of 
protoplasm  takes  place.  When  cells  have  reached  their 
maximum  limit  of  size  they  divide.  By  artificially  keep- 
ing the  temperature  low  at  night,  this  change  may  be 
retarded  until  morning,  and  may  thus  conveniently  be 
studied.  First,  the  nucleus  divides,  going  through  a  com- 
plicated process  known  as  Karyokinesis  (see  Chapter  XI), 
and  the  two  daughter-nuclei  withdraw  from  each  other 
towards  opposite  ends  of  the  cell.  Then  the  protoplasm 
of  the  cell,  with  the  chromatophores,  divides  in  two,  and 
in  the  middle  of  the  cell  a  new  cell-wall  gradually  grows 
in  all  round  the  cylinder,  finally  completing  itself  at  the 
centre  and  separating  the  two  halves  of  the  protoplasm 
and  the  two  daughter-nuclei,  so  that  there  are  two  cells 
in  place  of  the  original  cell.    In  the  nuclear  division  the 


GREEN  PLANTS 


29 


chromatin  first  broke  up  into  small  pieces,  and  these 
pieces  each  divided,  a  half  passing  to  each  daughter 
nucleus,  so  that  a  very  fair  division  takes  place  between 
the  two  cells,  and  no  distinction  can  be  drawn  between 
them — as,  for  instance,  of  mother-cell  and  daughter-cell. 

All  the  cells  in  the  thread  are  capable  of  division,  and 
so  the  thread  may  become  very  long.  But,  however 
many  cells  it  may  contain,  the  cells  remain  alike.  The 
growth  of  all  animals  and  plants  which  consist  of  more 
than  one  cell  takes  place  by  cell  multiplication.  In 
adult  tissues  the  multiplication  for  the  most  part  is,  as  in 
Spirogyra^  a  division  into  daughter-cells  exactly  like  the 
dividing  cell. 

Cell-growth  and  c  e  11  -  di  v  i  sion,  then,  take 
place  when  conditions  are  favourable; 
when  daylight  is  long  and  the  assimila- 
tion of  food  rapid,  and  when  the  nights 
are  not  too  cold,  and  the  ponds  and  lakes  rapidly 
fill  with  the  green  weed.  But  when  the  heat  is  too 
great  so  that  the  water  is  evaporating,  or  when  food  is 
insufficient,  in  fact,  when  conditions  are  unfavourable, 
another  process  takes  place.  In  a  mass  of  Spi'rogyra, 
under  such  unfavourable  conditions,  one  may  feel  that 
some  of  the  threads  are  tangled  and  gritty.  Under  the 
microscope  it  may  be  seen  that  here  and  there,  in  the 
tangled  mass,  connections  between  the  cells  in  different 
threads  exist.  A  little  search  reveals  various  stages  in 
the  formation  and  result  of  these  connections  (Fig.  7.  b, 
c,  ci,  c).  In  threads  lying  parallel  to  each  other,  opposite 
cells  send  out  blunt  rounded  processes  of  protoplasm 
covered  by  the  cell-wall  towards  each  other  (Fig.  7.  /;). 
The  whole  of  the  protoplasm  in  each  cell  shrinks  from 
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the  cell-wall  and  becomes  rounded  (Fig.  7.  c).  The  two 
processes  meet,  the  piece  of  cell-wall  between  them  dis- 
appears, and  the  protoplasm  from  the  cell  that  becomes 
round  more  rapidly  leaves  its  own  cell,  creeps  down  the 
connecting-tube  and  fuses  with  the  protoplasm  of  the 
other  cell.  The  nuclei  and  the  protoplasms  completely 
fuse.  The  new  mass  of  protoplasm  remains  rounded  ;  a 
very  thick  stratified  cell-wall  forms,  and  the  resulting 
body  is  a  resting  zygote  or  zygospore.  The  wall  is  com- 
posed of  three  layers,  of  which  the  inner  can  resist  water. 
The  starch  in  the  protoplasm  is  absorbed,  and  oil  globules 
slowly  appear  in  the  protoplasm.  It  can  resist  the  action 
of  untoward  influences  much  longer  than  the  cells  of  the 
plant.  The  thick  wall  protects  it  against  drought  or 
cold,  and  it  is  this  form  that  survives  through  winter. 
In  spring,  or  in  favourable  conditions;  the  outer  coats 
rupture,  and  the  protoplasm,  protected  by  the  inner 
layer,  grows  into  a  Spirogyra  thread  of  the  ordinary 
vegetative  kind. 

This  union  of  the  protoplasm  of  two  cells  under  un- 
favourable conditions  is  called  conjugation,  and  it  is  a 
process  of  frequent  occurrence  among  unicellular  plants 
and  animals.  At  first  sight  the  utility  of  the  process 
seems  to  consist  in  the  union  of  the  forces  of  the  two 
cells,  to  resist  the  drought  or  cold,  or  starvation  period. 
But  another  consequence  of  far-reaching  importance  fol- 
lows. The  resting-spore,  or  cell  resulting  from  the  union 
of  the  two  cells,  unites  the  slightly  varying  experiences  of 
the  two  cells.  If  there  Avere  a  method  of  rejecting  the  worse 
half  of  each  cell  and  forming  the  new  cell  from  the  better 
halves  it  would  result  that  the  new  cell  would  be  an 
improvement  on  either  of  its  predecessors.    There  is  no 
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sufficient  reason  to  suppose  that  this  happens  ;  but 
before  the  nuclei  of  the  conjugating  cells  fuse,  a  part  of 
the  chromatin  of  each  nucleus  is  turned  out,  and  only 
the  remainders  actually  fuse.  If,  as  is  probably  true,  the 
chromatin  is  the  bearer  or  carrier  of  the  chief  tendencies 
of  the  cell,  it  is  clear  that  the  nucleus  of  the  new  cell 
contains  tendencies  coming  from  both  conjugating  cells. 
Among  the  multitude  of  threads  growing  out  from 
resting  spores  formed  by  conjugation,  even  if  the  parts 
of  chromatin  selected  and  rejected  were  selected  and 
rejected  by  chance,  a  very  large  number  of  different 
combinations  would  result.  In  the  subsequent  struggle 
for  life  the  most  suitable  combinations  would  succeed 
best ;  the  least  suitable  would  perish  soonest.  And  so 
conjugation  may  be  a  method  of  securing  variation,  and 
by  competition  among  the  varying  forms  it  may  lead  to 
gradual  improvement  or  alteration  in  the  organisms. 

There  is  yet  another  method  of  interest  connected  with 
conjugation.  In  many  cases  the  conjugating  cells  are 
absolutely  alike.  In  Spirogyrn  the  protoplasm  of  one 
cell  remains  stationary  within  the  cell-wall  ;  the  proto- 
plasm of  the  other  cell,  leaving  its  own  wall,  bodily 
migrates  into  the  first  cell.  In  some  plants  and  in  many 
animals,  the  migrating-cell,  instead  of  merely  passing 
down  a  short  tube  from  cell  to  cell,  wanders  away  from 
its  place  of  origin  until  it  finds,  perhaps  at  some  distance, 
a  cell  which  is  ready  for  conjugation.  Sexual  reproduc- 
tion in  higher  plants  and  animals  is  really  a  conjugation 
of  this  kind.  The  motionless  cells  are  the  egg-cells  or 
ova,  and  usually  they  remain  quiescent  wilhin  the  tissues 
of  the  female  which  gave  rise  to  them  ;  the  motile  cells 
are  the  spermatozoa,  which,  after  they  have  left  the  male. 
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have  to  reach  and  conjugate  with  the  ova.  Exactly  as 
in  the  conjugation  of  simple  forms  of  life  like  Sptrogyra, 
the  new  individual  formed  by  the  combined  ovum  and 
spermatozoon  shares  characters  coming  from  both 
parents  ;  and  exactly  as  in  Spirogyra^  before  conjugation 
takes  place,  part  of  the  chromatin  is  ejected  by  the  ovum 
and  spermatozoon. 

Sptrogyra,  then,  is  a  simple  plant,  living  like  Proto- 
coccus  on  inorganic  substances,  and  building  these  sub- 
stances into  protoplasm  by  a  complicated  process  in  which 
chlorophyll  and  sunlight  take  a  chief  share.  Unlike 
Protococcus,  the  cells  resulting  from  vegetative  division, 
although  all  alike,  remain  attached  to  each  other.  But 
it  has,  in  addition,  the  process  of  conjugation,  which  fore- 
shadows the  sexual  reproduction  of  higher  organisms. 


CHAPTER  IV 


HIGHER  PLANTS 

A MINUTE  green  plant  called  Botrydinm  (Fig.  8)  is 
not  uncommon  on  moist  mud  in  ditches.  As  it 
is  one  or  two  millimetres  in  breadth  it  is  quite  visible  to 
the  naked  eye,  and  consists  of  a  green  bladder-like  part 
above  the  mud,  joined  by  a  narrow  neck  to  a  few  short 
branched  threads  sticking  in  the  mud.  Under  the 
microscope,  one  sees  that  it  is  not  broken  up  into  cells, 
but  consists  of  protoplasm  enclosed  in  a  delicate  Avail. 
The  green  part  contains  chlorophyll,  starch-granules,  and 
several  nuclei  ;  the  branched  part  is  nearly  colourless. 
Simple  asitis,  Botrydium  shows  the  division 
oflabour  and  differentiation  of  function 
found  in  all  the  higher  plants.  The  green 
bladder  represents  the  leaves  lifted  up  on  a  neck  which 
represents  the  stem,  so  that  the  chlorophyll  is  fully 
exposed  to  light.  The  branching  threads  thrust  into  the 
mud  serve  as  roots,  first  as  an  anchor  or  organ  of  attach- 
ment, and  secondly  to  absorb  from  the  mud  salts  dissolved 
in  water. 

In  so  simple  a  plant,  the  food  materials  absorbed  by 
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the  green  part  and  by  the  roots,  meet  together  in  the 
general  protoplasm  of  the  body.  In  higher  plants,  the 
plant  body  is  made  up  of  a  very  large  number  of  cells, 
and,  in  accordance  with  their  different  positions  in  the 
plant,  these  cells  have  different  functions  and  different 
structure.  Those  in  the  leaves,  for  instance,  have  chloro- 
phyll, and  are  able  to  break  up  carbonic  acid  and  to  make 

starch.  But,  for  the  most  part, 
they  absorb  no  water  and  get  no 
direct  supply  of  nitrogen  and 
salts.  The  cells  of  the  roots  ab- 
sorb water  and  salts  ;  but  they, 
having  no  chlorophyll,  cannot  use 
carbonic  acid  nor  manufacture 
starch.  Thus  a  division  of  labour 
has  taken  place,  and  the  cells, 
with  different  structures  and 
different  functions,  are  dependent 
on  each  other.  The  plant,  in- 
stead of  being  an  aggregate  of 
independent  cells,  has  become  an 
organised  whole  with  parts  in 
dependence  on  each  other.  There 
is  now  not  only  the  structure  of 
cells  to  be  examined,  but  the 
structure  of  the  whole  plant,  the  arrangement  of  the 
groups  of  cells. 

In  the  consideration  of  such  an  organised  community 
of  cells,  the  first  question  that  suggests  itself  is  the 
method  by  which  foods,  obtained  by  one  group  of  cells, 
find  their  way  to  other  groups  ;  how,  for  instance,  the 
leaf  cells  get  their  nitrates,  or  the  root  cells  their  starch. 


Fig.  8. — Botrydhim:  the 
horizontal  line  represents 
the  surface  of  the  mud 
above  which  is  the  green 
bladder  containing  proto- 
plasm and  several  nuclei,  as 
well  as  starch  granules  and 
chlorophyll ;  below  the  line 
are  the  colourless  branch- 
ing roots  :  the  protoplasm 
is  not  broken  up  into  cells 
by  cell- walls. 
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In  the  simpler  many-celled  plants  there  is  no  trace  of 
vessels  or  passages  along  which  substances  might  pass  from 
cell  to  cell.    The  substances  pass  through  the  protoplasm 
of  the  cells  and  are  handed  on  from  cell  to  cell,  creeping 
through  the  plant.     The  protoplasm  of  each 
cell  is  in  actual  connection  with  that  of 
adjoining  cells,  so  that  the  whole  plant 
may  be  regarded   as   a   continuous  mass 
of  protoplasm   stretching    through  and 
through  the  cell  walls.    In  higher  plants,  such 
as  ferns  and  flowering  plants,  there  are  interspaces  and 
vessels  containing  air  and  sap,  and  at  first  sight  it  seems 
probable  that  gases  and  fluids  containing  nutritive  sub- 
stances in  solution  pass  along  by  mechanical  means,  as 
gas  and  water  circulate  through  the  supply  pipes  of  a 
town,  or  percolate    between  the    cells    like  drainage 
through  a  gravel  sub-soil.    But  it  can  be  shown  that  in 
a  number  of  cases  the  protoplasm  of  contiguous  cells  is 
continuous  through  apertures  in  the  cell  walls  and  that 
the  apparently  mechanical  passage  of  gases  and  fluids 
through  vessels  and  in  intercellular   spaces  is  not  a 
mechanical  passage,  but  that  it  is  under  control  of  the 
protoplasm  of  cells,  varying  in  amount  and  in  the  rate  of 
passage  with  conditions  affecting  the  activity  of  the  pro- 
toplasm of  the  cells.    For  instance,  the  strength  of  the 
upward  current  of  sap  is  much  greater  than  could  be 
caused  by  evaporation  from  the  leaves,  and  for  a  time 
will  go  on  when  the  leaves  have  been  cut  off.  Evapora- 
tion from  the  leaves  is  not  a  simple  mechanical  process, 
but  is  controlled  by  the  expansion  and  contraction  of 
cells  guarding  apertures  in  the  leaves.    We  shall  be  most 
near  the  truth  if  we  regard  the  passage  of  substances  from 
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one  part  to  another  part  of  the  plant  as  being  a  vital 
process  occurring  in  the  protoplasm  of 
the  Avhole  plant,  whether  the  plant  be 
like  an  oak-tree,  a  complicated  organism 
of  many  million  cells,  or  like  Botrydium 
a  simple  undivided  mass  of  protoplasm. 

Retaining  in  our  minds  this  general  idea,  it  is  possible 
to  pass  directly  to  examination  of  the  structure  of  higher 
plants — as,  for  instance,  of  flowering  plants.  But  this 
also  must  be  borne  in  mind  ;  between  the  flowering 
plants,  with  their  great  complexity  of  structure,  and 
simple  aggregates  of  cells  like  Spirogyra,  there  are 
innumerable  simpler  plants,  which  botanists  have  been 
able  to  arrange  in  a  series  of  ascending  degrees  of  com- 
plexity, so  that  they  seem  successive  stages  in  the 
development  of  higher  plants  from  lower  plants.  When 
we  turn  to  animals  we  shall  find  a  similar  series  and 
examine  the  stages  with  some  care. 

The  growth  of  a  plant  takes  place  by  cell-multiplica- 
tion. When  the  protoplasm  in  cells  increases  in  bulk, 
the  nucleus  and  the  protoplasm  divide  and  new  partition 
walls  grow  in  between  the  dividing  protoplasm  as  in 
Spirogyra.  But  in  Spirogyra  the  division  is  always 
across  the  length  of  the  cell,  and  thus  threads,  composed 
of  rows  of  cells,  are  formed.  In  the  tissues  of  higher 
plants  the  cells  may  divide  across  any  axis  according  to 
the  nature  of  the  tissue,  so  that  the  tissue  increases  in 
length,  or  breadth,  or  thickness.  So  there  are  to  be  found 
linear  tissues,  like  the  vessels  of  plants,  in  which  the  cells 
have  divided  across  their  greatest  length,  flat  tissues 
where  the  cells  divide  in  length  and  breadth,  as  in  the 
outside  layer  of  a  leaf,  solid  tissues  where  they  divide 
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across  the  length  and  breadth  and  the  depth,  as  in  the 
substance  of  a  potato. 

The  young  shoot  and  root  of  a  sprouting  seed  are 
almost  entirely  composed 
of  small  cells,  all  much 
alike.  The  cells  have  very 
large  nuclei  and  abundant 
protoplasm.  They  divide 
rapidly,  and  give  rise  to  the 
various  permanent  tissues 
of  the  plant.  This  young 
or  embrvonic  tissue  is  called 
meristem  (Fig.  9),  and  it  is 
from  meristem  tissues  in 
the  adult  plant  that  sub- 
sequent growth  of  the 
plant  takes  place.  At  the 
apex  of  the  shoot  and  the 
tip  of  the  root,  the  various 
tissues  meet  in  the  simple 
meristem  of  these  parts 
from  which  new  growth  is 
taking  place.  In  many 
plants,  for  instance  in 
flowering  plants  as  opposed 
to  palms  and  grasses,  a  tube 
of  meristem  called  the  cam- 


Fk;.  9. — Meristem  Tissue  from 
the  tip  of  a  Leaf-shoot  of  Marsilia 
uncinata.  The  large  cell  at  the 
apex  has  given  origin  to  the  others 
which  arc  getting  arranged  in 
longitudinal  rows ;  each  cell  has 
a  thin  wall  surrounding  the  proto- 
plasmic contents.  (From  Behrcns.) 


bium  runs  down  the  stem  from  the  apex  to  the  tip  of  the 
root  and  forms  the  growing  tissue  from  which  wood 
arises  on  the  inside,  bast  on  the  outside. 

Other  layers  of  meristem  tissue  occur  in  various  parts 
of  plants  when  there  is  occasion  for  growth.    Thus  the 
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bark  or  cork  of  trees  grows  from  a  special  layer  of  meri- 
stem  cells  to  be  found  immediately  under  the  epidermis. 
In  fact,  a  young  plant  consists  of  a  mass  of  meristem  cells 
rapidly  dividing.  As  the  plant  grows  larger,  the  meri- 
stem cells  in  various  regions  become  altered  into  the 
permanent  cells  of  the  adult  tissues.  These,  however, 
rarely  continue  to  multiply  after  they  have  become 
specialised,  and  to  provide  for  further  growth  a  set  of 
unaltered  meristem  cells  becomes  associated  with  each 
tissue,  and  it  is  by  the  multiplication  and  subsequent 
specialisation  of  the  meristem  that  further  growth  of  the 
tissues  takes  place. 


CHAPTER  V 


PLANT  TISSUES 


HE  permanent  tissues  of  plants  may  be  divided  con- 


X    veniently  into  three  great  systems,  each  with  its 
own  kind  of  speciahsed  cells  and  groups  of  cells.  The 
outer  or  epidermal  tissues  form  the  surface  layer  of  the 
plant  in  its  leaves,  shoots,  stem,  and  roots  ;  they  protect 
it  against  external  agencies,  and  regulate  the  intake  and 
output  of  air,  of  water,  and  of  food-substances.  The 
vascular  tissues  form  bundles  of  connecting  fibres,  vessels, 
and  strands,  which  may  be  seen  as  the  veins  in  a  leaf,  and 
which  run  through  the  stem  and  the  roots,  and  serve  as 
the  special  paths  along  which  food-substances,  water, 
gases,  and  the  substances  elaborated  by  protoplasm  pass 
from  one  part  of  the  plant  to  the  other.  The  parenchyma 
or  ground  tissue  is  the  mass  of  the  leaves,  and  stem,  and 
roots,  the  tissue  which  is  bounded  by  the  epidermis  on  the 
outside,  and  through  which  the  vascular  bundles  pass  ;  in 
it  are  the  assimilating  tissues  of  the  plant  like  the  chloro- 
phyll-containing cells  of  the  leaf,  the  .supporting  tissues 
like  wood  cells  and  the  fibrous  bast  cells,  growing  tissues 
of  unspecialised  cells  from  which  new  growth  is  taking 
place,  and  tissues  in  which  excretions  are  stored  or  starch 
laid  by  for  future  use. 
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The  epidermis  is  the  superficial  tissue  of  young  shoots 
and  leaves.  On  the  roots  it  cannot  be  distinguished 
readily  from  the  underlying  tissues  ;  on  older  stems  and 
leaves  it  may  be  altered  completely  by  structures  which 
appear  later.  It  is  a  thin  layer  of  cells  covering  and  pro- 
tecting the  young  green  parts  of  plants.  It  consists  usually 


P"iG.  10. — Epidermis  from  Sugar-cane  with  rod-like  waxy  secretion. 

(From  Sachs.) 

of  a  single  layer  of  columnar  or  tabular  cells  regularly 
placed  and  almost  invariably  without  chlorophyll  (Figs. 
12,  1 6,  24).  The  outer  walls  of  the  cells  frequently  are 
thickened,  and  a  thin  pellicle,  the  cuticle,  often  runs  con- 
tinuously over  the  outer  surface  of  the  cells.  The  material 
of  the  cuticle  is  very  resistant  to  the  passage  of  water,  and 
differs  chemically  from  cellulose,  for  it  is  not  turned  blue 
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by  iodine  and  sulphuric  acid.  Another  protection  against 
the  passage  of  water,  especially  against  its  passage  inwards, 
is  the  excretion  of  wax  on  the  outer  surface.  This  wax 
appears  as  little  warts  or  rods,  and  causes  rain  or  water  to 
collect  in  little  drops  instead  of  spreading  over  the  sur- 
face of  the  plant  and  really  coming  in  contact  with  the 
living  tissues.  The  "  bloom  "  on  fruits  is  a  familiar  in- 
stance. But  water  has  to  pass  out  of  the  plant  so  that 
there  may  be  room  in  the  tissues  for  the  intake  of  water 
absorbed  by  the  roots  and 
containing  new  supplies  of 
inorganic  salts.  Everywhere 
on  the  epidermis,  but  especi- 
ally on  the  under  surface  of 
the  leaves,  there  are  numbers 
of  minute  openings  called 
stomata  (Fig.  11).  If  a  thin 
piece  of  the  epidermis  from 
the  leaf  of  any  plant  be 
stripped  oflF  and  placed  in  fjg.  n. —Epidermis  from 
water  under  the  microscope,  ""tier  surface  of  a  lilac  leaf, 
,  showing  three  Stomata  each  en- 

the  Stomata  are  seen  at  once,    closed  by  a  pair  of  guard-cells. 

For   they   are   guarded  by 

minute  oblong  cells  filled  with  chlorophyll  granules 
and  so  are  conspicuous,  by  their  green  colour,  among 
the  uncoloured  epiderm  cells.  Between  these  guard 
cells,  which  are  oval  in  shape,  and  usually  two  in 
number,  lies  a  minute  aperture  leading  into  a  small 
cavity  which  communicates  with  the  intercellular  spaces 
in  the  spongy  tissue  of  the  leaf  (Fig.  12,  2).  In  damp 
weather,  when  the  air  is  nearly  saturated  with  moisture,  the 
guard  cells  alter  their  positions  so  as  to  open  the  stoma  as 
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widely  as  possible.  In  dry  weather,  when  the  air  might 
withdraw  water  too  rapidly  from  the  tissues  of  the  plant, 
the  guard  cells  contract  the  aperture  to  the  smallest 
point. 

The  stomata  normally  serve  for  the  transpiration  of 
gases,  especially  of  water-vapour  ;  but,  in  a  few  cases, 
stomata  situated  at  the  edges  of  leaves  serve  for  the 
extrusion  of  water  in  the  liquid  state. 

The  hairs  of  plants  are  outgrowths  from  the  epidermis. 


Fig.  12. — Vertical  Section  througli  a  Stoma  on  the  under  surface  of 
a  Leaf  :  1.  Aperture  between  the  guard-cells.  2.  Intercellular  space 
communicating  with  spaces  among  the  parenchyma  cells.  3.  Epi- 
dermis cells  with  cuticle  as  the  lower  (outer  border).    (After  Sachs.) 

At  first,  hairs  are  mere  processes  from  single  epiderm 
cells  ;  but  by  growth  and  cell-division  they  may  be 
changed  into  multicellular  organs.  Soine  hairs  are 
glandular,  and  in  a  little  knob  at  the  end  of  the  out- 
growths is  collected  the  secretion  of  oil,  or  resin,  or 
gum.  In  soine  cases,  as  in  the  nettle,  an  acrid  secretion 
with  irritant  properties  is  collected,  and  liberated  when 
the  hair  is  broken  off. 
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The  cells  of  the  epidermis  frequently  have  the  cellulose 
of  their  outer  walls  changed  to  cork  to  pre- 
vent evaporation  of  sap.    After  the  first  or 
second  year  of  their   existence  very  many 
plants  develop  a  thick  layer  of  cork  cells 
within  the  epidermal  layer,  which  dies.  Cells 
in  a  row  under  the  epidermis  multiply  ra- 
pidly, and  the  layers  of  cells  to  which  they 
give  rise  form  a  compact  tissue  with  no  spaces 
between  the  cell-walls.    The  contents  of  the 
cork  cells  disappear  and  become  replaced  by 
air  ;  the  walls  of  the  cells  change  from 
cellulose  to  cork,  and  the  tissue  forms 
a  thick  protective  layer  completely  re- 
sistant to  the  passage  of  water  (Fig.  14). 

The  second  system  of  tissues,  the 
fibro-vascular  bundles,  is  so  characteris- 
tic of  higher  plants  that,  in  classifica- 
tion of  the  vegetable  kingdom, 
those  without  vascular  bundles 
(the    Algee,    Fungi,  Lichens, 
Liverworts,    and   Mosses)  are 
distinguished  as  cellular  plants 
from  the  vascular  plants 
(Ferns,  Lycopodiums, 
Equisetaceee,   &c.,  and 

the  seed-plants).  Even 
in    the    relhilar    nlmf^  1 3-— Slinging-hair  of  Nettle, 

m    tne    cenular    plants,  -j-his  is  a  single  elongated  cell  with 

however,    not    infl'C-  nucleus  in  the  bulbous  root  which  is 

quently  there  are  tracts  ceUs"""''"'  ''"'^  ''^ 
or  bundles  of  elongated 

thin-walled  cells,  distinct  from  the  tissue  in  which  they  arc 
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embedded,  and  serving  as  the  main  channels  along  which 
substances  pass  from  part  to  part  of  the  plant.  The 
vascular  bundles  of  vascular  plants  (Fig.  15)  run  as  thin 
threads  of  specialised  tissue  through  the  whole  plant. 
In  the  root  there  is  usually  one  strand  lying  in  the  axis, 
and  receiving  branches  from  the  lateral  roots.  The 


Fig.  14. — Section  through  one-year-old  shoot  of  Ailanthus  glaiidu- 
losa,  showing,  a.  Dead  epidermis,  b.  Cork  cells,  c.  Cork  cambium, 
d.  Cortex  cells  with  chlorophyll  granules.    (After  Prantl.) 

vascular  strands  of  the  roots  pass  into  those  of  the  stem, 
which  are  usually  symmetrically  arranged  round  the 
periphery.  These  give  off  branches  to  the  leaves,  and 
finally  pass  into  the  growing  point  at  the  apex  of  the 
stem,  where  they  lose  themselves  in  unspecialised  cell 
tissue.  The  details  of  their  arrangement  in  the  stem 
vary   much    in   different  plants,  and  depend    on  the 
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arrangement  of  the  leaves 
placed  round  the  mar- 
gin of  the  stem  :  be- 
tween the  nodes,  or 
where  leaves  grow  out, 
they  appear  as  separate 
wedge-shaped  masses  ; 
at  the  nodes  they  fuse 
together,  and  the 
branches  for  the  leaves 
are  given  off. 

In  a  transverse  sec- 
tion of  a  single  bundle 
(Fig.  17)  two  groups  of 
cells  are  apparent.  To- 
wards the  outside  lies 
the  Bast  (Phloem),  to- 
wards the  centre  of  the 
stem  the  wood 
(Xylem).  The 
whole  bundle 
usually   is  sur- 
rounded   by  a 
sheath  of  thick- 
walled  cells  be- 
longing  to  the 
ground  tissue. 
Within  this,  the 
bast  portion  and 
the  wood  por- 
tion can  be  seen 
to  consist  of  ce 


The  separate  bundles  are 


15. — Diagr.im  of  the  course  of  vascular 
Inmdles  in  stem,  leaves,  and  roots. 


lis,  rather  narrow  in  transverse  section, 
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with  here  and  there  wider  ring-shaped  spaces.  The 
cells  lie  closely  packed  together,  and  there  are  no  spaces 
between  them.  The  wood  portion  contains  the  larger 
vessels,  and  serves  chiefly  for  the  passage  of  air  and 
water  ;  even  the  largest  circular  spaces  in  the  bast 
portion  are,  in  the  fresh  condition,  filled  with  albu- 
minous slime,  and  do  not  serve  for  the  passage  of  air.  In 
other  words,  the  proteids  and  albuminous  substances  pass 


Fig.  i6. — Part  of  a  Transverse  Section  through  the  Stem  of  a 
Dahlia,  showing — 1.  The  epidermis ;  2.  Five  fibro-vascular  bundles ; 
3.  Parenchymatous  tissue. 

up  and  down  through  the  bast  portion  ;  air,  water,  and  the 
salts  soluble  in  water  pass  through  the  wood.  Although 
generally  the  bast  lies  to  the  outside  and  the  wood  to  the 
inside,  in  some  cases — e.g.^  in  ferns — the  xylem  is  sur- 
rounded by  the  phloem. 

If  we  examine  the  minute  structure  of  the  cells  in 
typical  higher  plants,  by  transverse  and  longitudinal 
sections,  we  shall  learn  the  characters  of  the  constituents 
of  the  bundle.    The  outer  portion  of  the  bast  is  made  up 
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chiefly  of  elongated  cells  with  thick  cell-walls.  In  trans- 
verse section  (Fig.  17.  d)  these  cell- walls  appear  to  form 


Fig.  17. — A  Single  Bundle  from  Fig.  16,  enlarged,  a.  Epidermis 
with  cuticle,  b.  Collenchymatous  cells.  c.  Cells  with  chlorophyll, 
d.  Hard  bast  ;  below  this,  opposite  e,  is  soft  bast  parenchyma  contain- 
ing sieve-tubes,  some  cut  across  through  the  sieve  plates,  others  cut 
through  the  albuminous  mass  stretching  between  the  sieve  plates, 
f.  Cambium,  h.  Outer  row  of  wood-vessels  ;  nearer  the  centre  are 
three  other  rows  containing  a  diminishing  number  of  vessels,  k.  Wood 
parenchyma. 


a  continuous  thick  network.  In  longitudinal  section  it  is 
seen  that  the  cells  (Fig.  18.  n)  are  elongated,  that  the 
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ends  of  adjacent  cells  overlap  each  other,  and  that 
the  elongated  cells  form  a  close  meshwork,  as  the 
cells  are  not  perfectly  straight,  but  are  occasion- 
ally twisted  round  each  other.  This  layer  is  called 
the  hard  bast,  and  forms  a  dense,  partly  elastic, 

protective  tissue.  In 
the  interior  of  the 
cells,  remains  of  the 
protoplasmic  con- 
tents occasionally  are 
visible.  But  more 
often  the  cells  are 
transformed  practic- 
ally into  elastic  fibres. 
Chemical  investiga- 
tion shows  that  the 
cell-wall  is  not  cellu- 
lose ;  it  does  not  stain 
blue  with  sulphuric 
acid  and  iodine,  and 
resists  the  action  of 
sulphuric  acid  like 
the  cuticle,  or  like 
cork  cells.  In  distin- 
guishing the  hard 
bast  cells  and  many 
other  vegetable  cells, 
a  useful  staining  re- 
agent, called  chlor- 
zinc-iodine,  may  be 
employed.'  This  mi.\- 

or  Schulze's  solution,  can  be   obtained  from 


Fig.  i8. — Isolated  Cells  from  a  Vascular 
Bundle,  c.  Cambium  cells  ;  b.  Sieve-tube, 
a.  Bast-fibre.  d.  Dotted  wood-vessel, 
e.  Wood-cell,  a  and  b,  the  bast  elements, 
and  d  and  e,  wood  elements  have  alike 
been  formed  from  cells  like  c. 


Chlor-zinc-iodine, 
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ture  stains  protoplasm  dark  brown  ;  by  the  action  of  the 
chloride  of  zinc  cellulose  is  turned  into  starch,  and  then 
stained  blue  by  the  iodine,  but  the  bast-fibres  show  their 
difference  from  cellulose  by  staining  yellow. 

Lying  nearer  the  centre  of  the  stem  on  the  inner  side 
of  the  hard  bast  comes  the  so-called  soft  bast.  The 
characteristic  part  of  this  tissue  is  what  are  called  sieve- 
tubes  (Fig.  1 8.  b).  The  younger  stages  of  sieve-tubes 
may  be  seen  lying  alongside  the  adult  vessels.  These 
stages  consist  of  elongated  cells  placed  end  to  end,  with 
thin  cellulose  walls  and  protoplasmic  contents.  In  adult 
sieve-tubes  the  partitions  separating  the  ends  of  the  cells 
become  pierced  by  many  minute  apertures,  and  form 
sieve-like  plates.  The  protoplasm  forms  a  strand  passing 
down  the  centre  of  each  cell,  and  is  expanded  into  a  brush 
at  either  end.  The  ends  of  the  brush  pass  through  the 
sieve  pores  into  direct  connection  with  the  similar  brush 
in  the  adjacent  cell  (Fig.  19).  Where  the  lateral  walls  of 
sieve-tubes  come  together,  similar  sieve-plates  and  proto- 
plasmic connections  are  formed.  Thus  the  sieve-tubes 
form  a  definite  continuous  chain  of  protoplasm  running 
along  the  fibro-vascular  bundle,  and  serving  as  the  main 
path  along  which  proteid  materials  pass. 

Lying  closely  applied  to  sieve-tubes  are  companion-cells 
(Fig.  19) — elongated  small  cells,  looking  as  though  they 
had  been  cut  out  of  the  sieve-tubes.  On  staining  with 
chlor-zinc-iodine,  the  cell-walls  of  the  sieve-tubes,  of  the 
companion-cells,  and  of  the  young  sieve-tube  cells  assume 
a  blue  colour,  showing  that   they  arc  cellulose  ;  the 

dealers  in  microscopic  reagents.  Il  is  prepared  by  dissolving  zinc  in 
hydrochloric  acid,  evaporating  to  a  syrup,  and  mixing  with  a  solution  of 
iodine  in  potassium  iodide  dissolved  in  water. 

s 
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protoplasm  of  the  cells  stains  dark  brown.  In  a  typical 
stem  there  is  to  be  seen,  lying  in  the  middle  of  each 
bundle,  between  the  bast  and  the  wood, 
a  layer  of  cells  with  thin  walls  and 
plentiful  protoplasmic  contents.  Chlor- 
zinc-iodine  shows  that  the  walls  are  cel- 
lulose, and  that  the  brown-staining  pro- 
toplasm occupies  practically  the  entire 
space  of  the  cell.  This  layer  is  the 
Cambium  layer  (Fig.  17.  b)^  and  from  it 
the  bast  is  formed  on  the  outside  and 
the  wood  vessels  on  the  inside.  It  is  a 
layer  of  cells  not  differentiated,  but  serv- 
ing as  an  active  centre  of  growth.  To- 
wards the  centre  of  the  layer  the  walls  of 
the  cells  are  in  transverse  section  nearly 
square  ;  in  longitudinal  section  they  ap- 
pear as  elongated  cubical  cells  (Fig.  18.  c). 
Active  division  is  taking  place,  and  next 
the  wood  and  the  bast,  the  cells  split  off" 


Fig.  19.  —  En- 
larged view  of 
longitudinal  sec- 
tion    through  a 


Sieve- tube  in  the   ,  ,  ,  .  ^  ,  ... 

region  of  a  Sieve-  f^om  the  cambmm   form   a  transition 

plate.  On  either  series  leading  to  the  specialised  cells  of 
side  the  sieve-tube    ,  ,       j     r  ^1      1  ^ 

companion  cells,  the  wood  and  of  the  bast. 

The  wood  or  xylem  (Fig.  17.  h-k.)  is 
conspicuous  by  the  size  and  width  of  the  cut  ends  of 
vessels  seen  in  transverse  section.  These  vessels  are 
arranged  for  the  most  part  in  radial  rows,  the  larger 
vessels  lying  towards  the  cambium  side  of  the  bundle. 
They  are  formed  by  a  series  of  elongated  cells  placed 
end  to  end,  and  with  the  walls  at  the  end  partially 
or  completely  absorbed,  thus  giving  rise  to  vessels. 
The   walls   are    lignified,    and   with  chlor-zinc-iodine 
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assume  a  yellow  colour  instead  of  the  blue  of  cellulose. 
Protoplasmic  contents  are  absent,  and  the  vessels  during 
life  contain  gases  or  water.  The  walls  of  the  vessels 
are  sculptured  in  various  ways,  and  this  sculpturing 
causes  the  kinds  of  vessels  to  receive  various  names. 
In  "dotted"  vessels  (Fig.  18.  d),  thickly  scattered  over 
the  cell-walls  are  small  round  pits  which  have  been 


a  g  c 

Fig.  20.  —  diagram  of  Bordered  Pits  and  Scalariform  Vessel, 
a.  Vessel  with  bordered  pits.  b.  Scalariform  vessel  with  elongated 
bordered  pits.  c. — 1.  Cross  section  through  vessel  with  unthickened 
wall.  2.  With  wall  thickened  except  in  region  of  pit.  3.  Wall  still 
more  thickened  and  bordered  pit  formed  by  ingrowth  of  pit  edges. 

formed  by  small  areas  of  the  cell-wall  remaining  quite 
thin  while  the  cell-wall  in  general  becomes  thick. 
When  this  happens  in  the  partition  wall  separating 
two  cells,  there  are  formed  two  pits  opposite  each  other 
and  separated  from  each  other  by  a  thin  membrane,  the 
original  cell-wall.  When  the  cell-wall  is  unusually  thick, 
the  pits  appear  like  fine  canals.  A  special  kind  of  pitting, 
frequently  present  in  all  plants,  is  so  abundant  and  well- 
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marked  as  to  be  characteristic  in  the  wood  of  conifers.  In 
this  case  the  original  thin  area  is  large,  but  the  thickened 
cell-wall  round  the  border  of  the  pit  grows  inwards  leaving 
open  only  a  narrow  slit.  These,  seen  in  surface  view, 
appear  like  pits  with  definite  borders  round  them — the 
ingrowths  of  the  cell-walls  over  the  pits — and  are  hence 

called  bordered  pits  (Fig. 
20.  a).  In  the  Ferns  these 
bordered  pits  are  very 
broad,  reaching  half-way 
round  the  vessels.  The 
thickened  borders  thus  ex- 
tend at  regular  intervals 
across  the  vessels  with  the 
slits  opening  into  the  pits 
between  them.  The  ar- 
rangement is  not  unlike 
the  rungs  of  a  ladder,  and 
hence  the  vessels  so  marked 
have  been  called  Scalariform 
vessels  (Fig.  20.  b).  When 

the    pits    are  irregularly 
Fig.  21. — Longitudinal  Section      i      j         j      1         t  j  • 
through  the  Xylem  of  vascular   Placed,   and   elongated  in 

bundle  from  Inifatiens  balsaniica    various  directions,  the  thick- 
showinc; — g,  spiral,  and  f,  annular         j  u  j 
vessel.     ^'  '     '       '  ened  borders  give  an  irre- 

gularly reticulated  appear- 
ance to  the  walls  of  the  vessel,  and  transition  forms 
may  be  seen  between  these  and  vessels  where  the 
thickenings  form  regular  spirals,  twisted  once,  or  more 
than  once,  round  each  vessel.  These  spiral  vessels  (Fig. 
21.  g)  are  most  abundant  and  have  coils  most  closely 
wound  in  the  centre  of  the  xylem.    Finally,  among  the 
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vessels  may  be  noticed  Annular  vessels  with  the  thicken- 
ings arranged  in  rings,  but  in  mature  stems  these  rings 
are  usually  more  or  less  disorganised  (Fig.  21.  f).  In  the 
xylem  there  are  also  wood-fibres  (Fig.  18.  e)  present. 
These  are  long  and  pointed  cells  with  their  walls  lignified 
and  pitted,  and  in  which  the  protoplasm  has  completely 
disappeared.  The  wood-fibres  are  so  twisted  and  matted 
that  even  in  a  longitudinal  section  the  whole  length  of 


Fig.  22. — Parenchyma  from  Potato  Tuber  containing  Starch 
Granules. 

a  cell  rarely  appears.  Finally  there  are  to  be  seen  in 
the  xylem,  oblong  cells  with  square  ends  frequently 
pressed  against  the  sides  of  the  vessels  so  that  they 
encroach  on  the  cavity  of  the  vessels.  These  cells  retain 
the  thin  cellular  wall  of  unspecialised  cells  and  retain 
their  protoplasm  (Fig.  17.  k). 

The  fundamental  or  general  tissue  of  plants  consists  in 
its  simplest  and  most  common  form  of  irregularly-shaped 
thin-walled  cells — called  parenchymatous  cells.    It  may 
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be  seen  in  any  young  plant  practically  occupying  all  the 
space  within  the  epidermis  (Fig  i6.  3) — except  of  course 
the  space  occupied  by  the  vascular  bundles.  In  the 
typical  condition,  the  cells  are  large,  and  are  actively 
multiplying.  Where  cells  are  in  contact,  a  single  cell- 
wall  separates  them,  but  at  the  angles  where  three  cells 
meet,  interspaces  occur,  due  to  splits  in  the  cell-wall.  The 
cells  contain  protoplasm  and  a  nucleus,  but  the  products 


e 


Fig.  23. — e.  The  overlapping  ends  of  proscnchyniatoiis  cells, 
f.  Colleiichymatoiis  cells,    g.  Sciilerenchymatous  cells. 


formed  by  the  protoplasm  are  so  plentiful  that  the  proto- 
plasm occupies  a  narrow  area  within  the  cell-wall.  The 
remaining  space  is  occupied  by  a  watery  juice  full  of 
substances  of  nutritive  value.  Reserve  materials  like  the 
starch  in  the  tubers  of  the  potato,  in  the  pith  of  young 
plants,  or  in  seeds  are  to  be  found  in  parenchymatous 
cells  (Fig.  22).  Frequently  in  old  plants,  and  in  old 
tissues  of  plants  there  are  to  be  found  parenchymatous 


PLANT  TISSUES 


55 


cells  practically  dead.  The  protoplasm,  the  sap  and 
starch  grains  have  disappeared,  and  the  cell-walls  remain 
behind  as  a  spongy  pith  filled  with  air. 

When  the  cells  of  fundamental  tissue  are  elongated 
they  may  have  overlapping  ends,  and  are  called  prosen- 
chymatous  cells  (Fig.  23.  c).  When  they  have  pad-like 
thickenings  of  the  cell-wall  at  the  angles  where  cells  are 
in  contact,  they  are  known  as  coUenchymatous  cells  (Fig. 
23.  /)  ;  and  where  the  whole  cell-wall  is  excessively 
thickened  and  partly  turned  into  wood,  the  tissue  is 
called  schlerenchyma — the  cells  schlerenchymatous  cells 
(Fig.  23.  g-).  These  names  are  merely  descriptive,  and 
are  applied  to  cells  of  different  natures  in  different  parts 
of  a  plant.  Thus  the  cells  forming  the  hard  nodules  in 
the  flesh  of  pears  have  their  walls  lignified,  and  are 
schlerenchymatous  ;  the  elastic  fibres  of  the  bast  (hard 
bast)  have  thick  walls  not  lignified,  and  are  also  schleren- 
chymatous ;  while  the  cell-walls  of  the  "  bundle  "  sheath 
found  surrounding  the  vascular  bundle  in  young  stems 
are  frequently  lignified,  and  are  again  named  "  schleren- 
chymatous." A  very  characteristic  feature  in  the  thick 
walls  of  schlerenchyma  is  the  presence  of  small  canals 
formed  from  pits. 

It  is  in  fundamental  tissue  that  most  of  the  chlorophyll 
of  green  plants  is  to  be  found.  Obviously,  as  the 
usefulness  of  chlorophyll  depends  on  its  exposure  to 
light,  it  is  found  in  the  leaves  and  in  the  stem.  As, 
moreover,  the  utility  of  chlorophyll  depends  on  the  ready 
access  of  air  in  order  that  the  carbonic  acid  may  be 
absorbed,  the  tissues  containing  chlorophyll  have  for 
the  most  part  a  loose  and  almost  spongy  arrangement  of 
cells.    The  interspaces  between  the  cells  are  in  free  con- 
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nection  with  each  other  and  with  the  stomata,  so  that 
the  stomata,  while  serving  chiefly  for  the  transpiration  of 
water-vapour  are  a  ready  means  for  entrance  of  air. 
Such  a  spongy  structure  is  well  seen  in  a  section  through 
the  leaf  of  a  plant  (Figs.  24  and  25).    In  many  leaves, 
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Fig.  24. — Cross  section  through  the  Leaf  of  a  Beech.  Showing  at  the 
top  the  epidermis  cells  without  chlorophyll,  then  the  palisade  layer  with 
chlorophyll,  then  spong)^  layer  with  all  the  cells  containing  chlorophyll 
and  with  many  air  spaces  between  the  cells,  lastly  the  epidermis  of  the 
under  surface  with  a  stoma.  The  chlorophyll  corpuscles  are  the  small 
oval  bodies  lying  chiefly  round  the  edges  of  the  cells.  (After  Prantl 
and  Vines.) 

lying  directly  under  the  epidermis  is  a  layer  of  elongated 
cells  containing  chlorophj'll  (the  "  palisade  "  layer),  and 
below  that  is  the  spongy  parenchyma  (Fig.  24).  In 
higher  plants  the  chlorophyll  is  present  in  definite  small 
corpuscles  which  like  the  chromatophores  of  Spirogyra 
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consist  of  a  proteid  substance  impregnated  with  the 
green  pigment.  These  chlorophyll  granules  are  present 
in  varying  numbers.  In  the  cells  of  some  plants  there 
are  very  many  ;  in  the  cells  of  others  fewer,  and  it  is  in 
general  true  that  in  lower  plants  the  chlorophyll  corpuscles 


Fig.  25. — Cross  section  through  Leaf  of  Selaginella,  showing  the 
epidermis  containing  chlorophyll,  spongy  parenchyma  in  the  middle  of 
which  a  fibro-vascular  bundle  has  been  cut  through,  and  the  epidermis 
of  the  under  side  with  stomata.  The  chlorophyll  bodies  are  large  and 
irregular,  and  contain  starch  granules.    (After  Sachs.) 


are  fewer  in  number,  larger,  and  less  definitely  shaped, 
than  they  are  in  higher  plants  (Fig.  25). 

Chlorophyll  corpuscles  arise  from  colourless  bodies 
(leucoplastides)  present  in  young  cells.  When  mature, 
they  have  the  power  of  arranging  and  re-arranging 
themselves  in  the  cells  they  inhabit,  under  the  stimulus 
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of  light.  When  kept  in  the  dark  for  some  time  the 
green  colour  changes  to  yellow,  and  the  corpuscles  break 
up.  The  autumnal  colours  of  leaves  are  due  partly  to 
changes  of  this  kind. 


CHAPTER  Vr 


THE  YEAST  PLANT 

IN  green  plants  the  cells  containing  chlorophyll,  while 
in  the  presence  of  sunlight  break  up  carbonic  acid 
taken  from  the  air,  liberate  oxygen,  and  use  the  carbon 
to  build  starch.  In  the  absence  of  light  the  formation  of 
starch  ceases,  and  the  normal  respiration  of  all  protoplasm 
occurs,  ix.^  oxygen  is  taken  in,  and  carbonic  acid  is  given 
out.  But  the  cells  in  the  stem  and  in  the  root,  cells  with- 
out chlorophyll  and  removed  from  light,  never  build 
starch  for  themselves,  but  live  upon  starch  manufactured 
in  the  green  parts  and  brought  down  to  them  through 
the  tissues  in  the  form  of  sugar.  Their  protoplasm, 
therefore,  uses  oxygen  and  gives  out  carbonic  acid.  A 
number  of  plants,  like  moulds  and  funguses,  have  no 
chlorophyll  to  build  up  starch,  and  live  therefore  on 
starch  or  sugar  manufactured  by  other  organisms.  Having 
no  chlorophyll,  they  are  independent  of  light,  and  take  in 
oxygen  and  give  out  carbonic  acid.  In  other  respects, 
too,  many  of  them  are  similar  to  those  cells  of  higher 
plants  which  have  no  chlorophyll.  They  take  in  water  and 
mineral  salts,  and  from  these,  with  the  aid  of  the  sugar 
supplied  them,  they  are  able  to  elaborate  I  heir  proto- 
plasm. But  it  is  still  more  common  that  they  should  be 
unable  or  "  unwilling,"  even  when  they  are  given  sugar, 
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to  build  up  proteid  material  from  inorganic  substances. 
Thus  none  of  them  make  starch,  but  must 
be  supplied  with  starch  or  sugar;  a  few 
will  build  up  proteid  material  from 
simple  inorganic  substances;  most  re- 
quire complicated  compounds  of  nitro- 
gen, like  ammonium  tartrate,  and  these, 
preferably,  will  avoid  the  use  even  of 
ammonium  tartrate  if  they  can  procure 
ready-made  proteid  material. 

One  of  the  simplest  of  them  is  the  yeast  fungus, 
Saccharomyces  ccrevtsia'.  The  pale  yelloAV,  frothy  sub- 
stance known  as  brewer's  yeast,  which  rises  as  a  scum  on 
the  surface  of  fermenting  vats,  and  Avhich  is  used  by 
bakers  to  make  dough  "  rise,"  consists  of  a  fluid  in  which 
are  suspended  immense  numbers  of  minute  particles  just 
visible  with  a  low  power.  Each  of  these  particles  is 
a  single-celled  organism — the  yeast  plant.  Under  the 
higher  power  of  the  microscope  the  yeast  plant  appears 
a  small  round  cell  with  a  very  thin  cell-wall  and  granular 
contents.  The  cell-wall  is  so  thin  that  it  cannot  be  seen 
definitely,  until  the  protoplasm  has  been  stained  by  some 
fluid  like  magenta.  A  few  taps  with  a  needle  on  the 
cover-slip  burst  the  delicate  cells,  the  coloured  proto- 
plasm emerges,  and  the  crushed  walls  remain  behind 
like  empty  grape  skins.  The  granules  in  the  proto- 
plasm consist  of  fat  and  of  proteid  material,  and  there 
are  usually  present  spaces  of  irregular  size  and  shape, 
called  vacuoles,  and  filled  with  a  transparent  fluid.  The 
nucleus  is  invisible  in  unstained  specimens,  or  even  in 
specimens  stained  by  iodine  and  magenta.  But  more 
complicated  methods  reveal  its  presence. 
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Yeast  cells  in  the  liquid  from  a  brewer's  vat  are  in  a 
favourable  position  for  growth,  as  they  are  in  an  abun- 
dant supply  of  food.  Various  stages  of  reproduction  by 
budding  (Fig.  i.  c.)  are  always  to  be  found.  A  very  young 
bud  is  a  small  protrusion  of  the  protoplasm,  covered  by 
a  protrusion  of  the  cell-wall.  As  the  bud  grows,  its  wall 
gradually  becomes  round  and  finally  closes  off  the  bud 
from  the  parent  cell.  But  the  budding  may  take  place 
so  rapidly  that  a  young  bud  begins  to  throw  out  buds 
itself  before  it  has  separated  from  the  parent.  Moreover, 
the  same  cell  may  give  rise  to  more  than  one  bud  at  the 
same  time,  so  that  little  colonies  of  yeast  cells  are  fre- 
quently found. 

When  the  conditions  are  unfavourable  for  growth — as, 
for  instance,  when  yeast  is  kept  so  long  in  a  fluid  that  all 
the  available  nourishment  has  been  used  up,  it  prepares  to 
tide  over  unfavourable  conditions  by  another  method  of 
reproduction.  In  cells  starved  in  this  way,  part  of  the 
protoplasm  breaks  down — the  plant,  in  fact,  feeds  on 
itself,  and  there  results  the  curious  paradox  of  cellular 
starvation — that  fat,  due  to  the  breaking  down  of  proto- 
plasm, is  deposited  in  the  cells.  Then  the  scanty  proto- 
plasm breaks  up  into  four  little  round  bodies,  arranged  in 
a  pyramid  in  the  centre  of  the  cell.  Round  each  of 
these  four  a  very  thick  cellular  wall  is  deposited  and  they 
form  what  are  called  spores.  Ultimately  the  cell-wall  is 
ruptured  and  the  spores  emerge.  These  are  peculiarly 
able  to  retain  their  vitality  under  unfavourable  conditions. 
If  the  liquid  dries  up,  the  spores  form  a  light  dust  which 
gets  blown  about,  and  so  serves  to  spread  the  plant  from 
place  to  place.  They  retain  their  vitality  for  long,  and, 
as  soon  as  they  find  their  way  to  a  nutritive  fluid  again, 
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they  develop  rapidly  into  the  ordinary  form  of  the 
plant. 

The  formation  of  spores  can  be  observed  readily  if 
some  yeast  be  spread  on  a  thin  slab  of  plaster-of-Paris 
kept  moistened  with  water  under  a  bell  jar,  or  if  it  be 
grown  on  a  slice  of  potato. 

The  yeast  plant,  like  some  other  low  organisms, 
possesses  the  peculiar  property  of  causing  alcoholic  fer- 
mentation. The  "  sweet-wort  "  from  which  beer  is  made 
is  malt  dissolved  in  water.  Malt  is  made  from  grains  of 
barley  which  have  been  allowed  to  sprout,  and  then  killed 
by  heating.  In  the  process  of  sprouting  a  large  part  of 
the  starch  contained  in  the  grain  is  turned  into  what  is 
called  grape  sugar.  This  sugar,  along  with  some  of  the 
proteid  material  and  the  mineral  salts  contained  in  the 
barley,  is  dissolved  in  the  wort.  Yeast,  placed  in  this, 
has  the  necessary  food  materials — sugar,  mineral  salts 
and  proteid — and  it  multiplies  very  rapidly.  Large 
quantities  of  carbonic  acid  are  given  oflF,  the  sugar 
gradually  disappears,  and  alcohol  is  formed  in  the 
liquid.  By  careful  experiment  it  has  been  shown  that 
only  about  one  per  cent,  of  the  sugar  is  used  as  food  by 
the  yeast-cells  in  their  growth  and  multiplication,  and 
the  actual  amount  of  carbonic  acid  expired  by  them 
must  be  very  small.  But  their  presence  excites  a  peculiar 
chemical  change  in  the  great  mass  of  sugar,  by  which  it 
is  split  up  into  carbonic  acid  and  alcohol.  It  is  this 
carbonic  acid  that  is  given  off  in  such  quantities  that,  if 
a  little  yeast  be  put  in  a  teaspoonful  of  wort  in  a  test- 
tube,  in  a  few  minutes  the  upper  part  of  the  test-tube  will 
be  so  full  of  carbonic  acid  that  a  burning  match,  thrust 
into  it,  will  be  immediately  extinguished. 
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Chemically,  the  process  of  alcoholic  fermentation 
excited  by  the  yeast  plant  is  as  follows  :■ — 

Grape  Sugar.  Alcohol.  Carbon  Dioxide. 
C^H^O,  =  2(aH,0)  +  2(C03). 
It  must  be  remembered  that  this  is  a  side  issue  of  the 
life  of  the  plant  :  the  alcohol  and  the  carbonic  acid  are 
not  the  direct  result  of  the  changes  in  the  plant  proto- 
plasm. The  yeast  plant,  like  many  other  low  organisms, 
is  what  is  called  a  living  or  organised  ferment. 

In  brewer's  wort,  the  yeast  plant  obtains  its  nitro- 
genous food  in  the  form  of  proteid.  Pasteur  has  shown 
that  proteid  is  not  necessary  to  its  growth,  but  that  a 
solution  containing  ammonium  tartrate  as  the  only 
supply  of  nitrogenous  food  is  sufficient.  Thus,  yeast 
stands  intermediate  between  the  cells  of  green  plants 
and  the  cells  of  animals.  Like  animals  it  will  absorb 
proteid  directly  ;  unlike  plants  it  cannot  build  up  pro- 
teid when  supplied  with  nitrogen  in  the  simple  form 
of  nitrates.  But,  given  the  more  complicated  form  of 
ammonium  tartrate  (NHJ^  C^H^O^  it  can  complete 
the  elaboration  of  proteid.  M.  Pasteur  invented  an 
artificial  wort  in  which  the  yeast  plant  multiplies  rapidly 


and  sets  up  alcoholic  fermentation. 
Pasteur's  Solution  is  as  follows  : — • 

Water,  H^O    8376  per  cent. 

Cane  sugar,  C.^H^^O,,   iS'oo 

Ammonium  tartrate  (NHJ,  C^H^Oc  roo  ,, 

Potassium  phosphate  K3  PO^    0-20  ,, 

Calcium  phosphate  Ca.^  (POJ    0'02  ,, 

Magnesium  sulphate  M,  SO^   0-02  ,, 
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In  this,  fermentation  goes  on  most  actively  at  tempera- 
tures between  28°  and  34°  C.  ;  at  low  temperatures  it 
ceases  ;  at  38°  all  growth  stops.  If  the  liquor  be  boiled, 
the  plants  are  killed  and  the  process  permanently  is 
arrested.  The  process  goes  on  equally  well  in  darkness 
or  in  light.  It  will  occur  in  the  absence  of  oxygen, 
so  showing  that  the  yeast  plant  is  able  to  obtain  its 
oxygen  by  chemical  decomposition  of  its  food.  Free 
oxygen,  dissolved  in  the  solution,  stops  the  process,  and 
carbonic  acid  has  no  effect  upon  it.  Thus  in  the 
yeast  plant  we  have  an  organism  re- 
markably independent  of  all  conditions 
but  its  food,  and,  as  all  manner  of  food  solutions 
have  been  tried  and  Pasteur's  solution  is  found  to  be 
the  most  suitable,  we  can  get  a  close  knowledge  of  the 
process  of  life  in  this  case.  The  water  in  the  solution  is 
needed  directly,  as  a  food  for  the  plant,  and  indirectly 
that  it  may  get  its  food  in  the  suitable  condition  of 
solution.  The  sugar  is  not  necessary  to  the  life  of  the 
plant  ;  it  grows,  although  very  slowly,  if  sugar  be 
omitted  from  the  solution,  obtaining  the  necessary 
carbon  from  the  ammonium  tartrate  ;  but  sugar  is 
required  for  active  growth  and  to  exhibit  the  power 
of  the  plant  as  an  alcoholic  ferment.  The  ammonium 
tartrate  is  necessary  ;  without  it,  unless  proteid  is  directly 
supplied,  all  growth  ceases.  The  three  mineral  in- 
gredients— potassium  phosphate,  calcium  phosphate, 
and  magnesium  sulphate — give  the  mineral  constituents 
found  in  the  ash  of  the  yeast  plant,  which  always  con- 
tains potash,  lime,  magnesia,  and  phosphoric  acid,  while 
sulphur  is  given  oflF  in  the  process  of  burning. 


CHAPTER  VII 


BACTERIA 

IF  a  drop  of  water  on  a  slide  be  stirred  with  a  paint- 
brush dipped  in  gamboge,  and  the  drop  be  then 
covered  with  a  sHp,  and  examined  under  a  high  power 
of  the  microscope,  the  exceedingly  minute  particles  of 
the  gamboge  become  visible.  These  minute  particles 
are  not  at  rest,  but  ceaselessly  vibrate  to  and  fro,  each 
within  a  space  about  two  or  three  times  the  size  of  the 
particle.  Such  "Brownian  movements"  can  be  observed 
in  all  minute  bodies  suspended  in  a  fluid,  and  one  must 
distinguish  carefully  between  Brownian  movement  and 
actual  vital  movement,  in  any  organisms  that  are  small 
enough  to  show  Brownian  movement. 

All  animal  and  vegetable  substances  that  are  rotting 
swarm  with  the  minute  organisms  known  as  Bacteria  or 
Microbes.  A  drop  of  milk  or  soup  that  has  "gone  bad," 
or  a  little  of  the  soft  matter  scraped  from  a  decaying 
potato  or  from  a  hyacinth  Indb  in  water  that  lias  begun 
to  smell  instead  of  to  sprout,  all  show  under  the  micro- 
scope innumerable  minute  bodies  just  on  the  borderline 
of  invisibility,  and,  like  the  grains  of  gamboge  which  they 
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resemble  in  size,  vibrating  to  and  fro.    When  the  eye 
becomes  accustomed  to  their  minuteness  it  is  seen  that 
while   some   merely  vibrate,  others   actually  progress 
through  the  fluid.    Some   are   round,  others  oblong, 
straight  or  curved,  thin  or  thick,  and  many  are  arranged 
end-to-end  in  threads  or  spirals.    It  is  perfectly  clear 
that  in  such  cases  there  is  a  collection  of  organisms  with 
different  shapes  and  sizes,  with  different  habits  and  move- 
ments.   Until  a  method  had  been  invented  by  which 
the  forms  of  bacteria  could  be  sorted  out,  and  studied 
by  themselves,  no  exact  information  was  possible.  Now 
that  it  has  been  discovered,  the  best  of  these  methods 
seems  very  simple.    A  gelatinous  preparation  in  which 
bacteria  will  grow  abundantly,  but  which  has  been  boiled 
to  kill  any  already  in  it,  is  melted,  and  a  drop  of  the 
fluid  containing  the  bacteria  is  shaken  up  with  a  small 
quantity  of  the  liquid  jelly.    A  drop  of  this  is  shaken 
up  with  another  quantity  of  the  jelly,  and  this  process 
may  be  repeated  several  times.    As  bacteria  are  much 
smaller  than  looo'oi      the  small  drop  taken,  a  million 
might  easily  be  present.    Suppose  the  quantity  of  jelly 
to  be  JOG  times  the  size  of  the  drop,  a  drop  taken  out 
of  this  would  contain  about  10,000  bacteria.    A  second 
dilution  would  reduce  the  number  to  1,000,  a  third  to 
10.    The  jelly  in  a  liquid  condition  is  poured  upon  a 
glass  plate  and  cooled  in  a  very  thin  layer.    The  ten 
bacteria  (in  this  hypothetical  case)  are  fixed  here  and 
there  in  the  jelly.    When  the  plate  is  kept  in  a  suitable 
place  the  bacteria  begin  to  multiply,  each  giving  rise 
to  a  colony  like  itself,  and  these  colonies  grow  quite 
large  enough  to  form  patches  visible  to  the  naked  eye. 
The  colonies  of  different  bacteria  can  be  identified  by 
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their  shapes  and  colours,  by  their  modes  of  growth  in 
different  media  and  so  forth,  and  "  pure  cultivations  " — 
z>.,  cultivations  containing  only  one  kind  of  bacterium — 
may  be  made  by  inoculating  jellies  from  the  various 
colonies  on  the  first  mixed  plate.  By  such  methods, 
an  enormous  number  of  difTerent  microbes  have  been 
studied.  They  all  consist  of  a  delicate  cell-wall,  in  most 
cases  formed  of  cellulose,  and  protoplasmic  contents. 
These  contents  stain  deeply  with  the  kinds  of  stains 
that  colour  the  nuclei  of  larger  cells,  and  no  distinction 
between  protoplasm  and  nucleus  has  been  made  out  in 
them.  Some  microbes  have  at  one  end  or  at  both 
delicate  vibratile  flagella  by  the  movements  of  which 
they  are  driven  or  pulled  through  the  water.  Others 
apparently  are  motionless,  save  for  "Brownian  move- 
ment." 

Definite  names  have  been  given  to  some  of  the  most 
common  shapes  in  which  microbes  appear  (Fig.  26). 
Thus,  minute  round  forms  are  called  Micrococci ;  larger 
round  forms,  Macrococci ;  oblong  forms  not  twice  as 
long  as  they  are  broad  are  called  Bacteria  ;  oblong 
forms  more  than  twice  as  long  as  they  are  broad  are 
called  Bacilli;  a  flattened,  spirally-twisted  form  is  called 
Spiromonas.  When  food  is  abundant  and  the  con- 
ditions of  life  favourable  bacteria  increase  in  length, 
and  by  repeated  division  across  the  long  axis  form 
jointed  filaments  or  threads.  When  micrococci  repro- 
duce in  this  way  they  form  Streptococci.  Unbranched 
threads  are  called  "  Leptothrix."  ^V  here  occasional  longi- 
tudinal division  occurs  and  so  branches  are  formed,  the 
filaments  are  termed  Cladothrix.  When  the  filaments  are 
short,  with  slight  undulating  curves,  the  name  Vibrio  is 
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applied,  while  Spirillum  consists  of  short,  rigid  curves, 
twisted  like  a  corkscrew.     Spirochaetes  are  long,  thin 
filaments  with  the  individual  curves  short  and  slender. 
There  are  many  other  forms,  and  considerable  doubt 


Fig.  26. — Forms  of  Bacteria.  a.  micrococci,  b.  Macrococci. 
c.  Bacteria.  d.  Bacilli,  e.  Strcplococci.  f.  Lcptolhiix.  g.  Clado- 
Ihrix.    h.  Vibrio,    i.  Spirilluni.    k.  Spirochaclc. 

exists  as  to  how  far  microbes  with  definite  history  and 
properties  can  be  identified  with  individual  shapes. 

When  food  is  scarce  or  the  conditions 
of  life  unfavourable,  reproduction  by 
spore  formation  occurs.     The  protoplasm  be- 


BACTERIA 


69 


comes  granular,  a  small  bright  spot  appears  in  it,  and 
this  spot  increases  in  size  until  it  may  bulge  out  the 
wall  of  the  cell.  Spores  may  be  round,  ovoid,  or  rod- 
shaped.  They  are  always  colourless,  but  glisten  under 
the  light.  They  have  an  exceedingly  thick,  firm  wall, 
and  are  liberated  by  the  decay  of  the  cell  in  which  they 
were  formed.  Occasionally  spores  are  formed  by  fission  : 
in  a  dividing  chain  or  filament  here  or  there  are  formed 
large  spores  called  Arthrospores,  because  of  the  jointed 
appearance  given  to  the  filament  in  which  they  appear. 

These  spores  are  the  great  means  by  which  microbes 
survive  unfavourable  conditions,  and  spread  from  place  to 
place,  until,  reaching  a  situation  where  moisture,  tem- 
perature, and  food  are  satisfactory,  they  give  rise  to  the 
vegetative,  rapidly  multiplying  form. 

Innumerable  quantities  of  spores  are  formed  :  they 
may  be  blown  about  as  a  fine  dust  by  the  air,  or  may  be 
carried  by  currents  of  water.  They  will  remain  unde- 
veloped for  practically. an  indefinite  time,  if  no  favourable 
conditions  occur. 

In  air,  in  water,  in  drains,  in  the  soil,  in  the  dust,  in 
crevices  between  the  planks  of  floors,  they  are  always 
present.  They  are  light  enough  to  be  wafted  about  by 
currents  of  air,  but  in  a  still  or  windless  place  they 
gradually  sink  to  the  ground.  Thus,  in  the  morning, 
when  a  room  has  been  quiet  all  night,  there  are  few  in 
the  air  ;  after  the  housemaid  has  disturbed  things  by 
sweeping  the  floor,  they  arc  to  be  found  in  abundance. 
In  the  air  of  a  well-flushed  culvert  few  are  present  ;  when 
the  flow  of  water  gets  low  they  reach  the  air  from  the 
dry  crust  deposited  on  the  sides  uncovered  by  water. 

Most  microbes  live  on  organic   substances  and  are 
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unable  to  build  up  their  protoplasm  out  of  inorganic 
materials.  Hence  the  vast  majority  of  them  flourish  in 
decaying  organic  matter,  in  the  bodies  of  animals  or 
plants,  or  in  the  soil.  A  few,  however,  are  known  to 
contain  chlorophyll  and  to  live  like  Protococctis.  Dis- 
regarding these,  microbes  can  be  divided  into  two  classes, 
those  like  the  yeast  plant,  that  can  obtain  the  oxygen 
needed  for  all  living  protoplasm  from  chemical  com- 
pounds, and  those  that  require  a  supply  of  free  oxygen. 
The  first  class  are  called  Anaerobic,  as  they  are  indepen- 
dent of  free  oxygen,  the  second,  Aferobic,  because  they 
require  it.  The  green  microbes  require  light  ;  most 
microbes  live  either  in  light  or  darkness,  but  are  killed 
by  direct  exposure  to  sunlight.  The  conditions  of  heat 
are  more  complicated.  Actual  subjection  of  protoplasm 
to  a  heat  very  little  under  boiling  point  certainly  kills  all 
microbes  ;  but  some  microbes,  and  the  spores  of  most, 
can  resist  heat  so  well  that  even  a  considerably  prolonged 
exposure  to  temperatures  above  boiling  point  does  not 
kill  them.  In  such  cases,  however,  it  is  probable  that 
the  wall  of  the  microbe  or  the  spore  prevents  the  proto- 
plasm within  it  from  actually  reaching  a  high  temperature. 
Freezing  arrests  the  growth  of  all  microbes,  but  even 
continued  exposure  to  such  a  temperature  does  not  kill 
them.  Thus  ice  made  from  water  containing  microbes 
contains  them  in  a  condition  only  of  arrested  vitality  ; 
when  the  ice  melts,  the  suspended  organisms  begin  to 
multiply.  Generally  speaking  microbes  flourish  best  at 
a  temperature  between  30°  and  40°  Centigrade,  but  the 
most  favovirable  temperature  is  different  for  different 
forms. 

Microbes  are  associated  with  many  of  the  processes  of 
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every-day  life.  The  most  obvious,  and  perhaps  the  most 
important  is  their  association  with  putrefaction.  If  an 
organic  substance — for  instance,  soup — be  boiled  for  some 
time  and  exposed  to  the  air,  it  slowly  begins  to  putrefy. 
A  scum  forms  on  the  top,  and  this  can  be  seen  to  consist 
of  many  microbes  embedded  in  a  layer  of  jelly  (zoogloea). 
The  liquor  becomes  turbid  and  gives  off  an  evil  smell  : 
examination  of  it  shows  that  microbes  abound.  After  a 
certain  length  of  time  it  becomes  clear  again  :  green 
organisms  appear  in  it  and  putrescence  has  ceased.  On 
a  large  scale  this  process  goes  on  everywhere  in  the  world. 
Microbes  serve  to  break  down  organic  matter  into  in- 
organic ;  to  clean  up  the  debris  of  the  organic  world,  and 
so  to  prepare  the  way  for  fresh  cycles  of  life.  On  the 
other  hand,  if  some  of  the  boiling  soup  be  placed  in  a  vessel 
that  has  been  itself  boiled,  and  so  freed  from  microbes, 
and  if  the  mouth  of  the  vessel  be  plugged  with  cotton 
wool  (previously  baked  for  some  time  to  kill  microbes), 
no  putrefaction  will  occur,  and  no  bacteria  will  be  found 
in  the  fluid.  Putrefaction  occurs  only  when  microbes 
get  access  to  the  substance  ;  if  any  air  that  may  reach 
the  substance  be  filtered  through  cotton  wool,  the  spores 
or  microbes  present  in  the  air  are  kept  behind,  entangled 
in  the  meshes  of  the  wool.  But  so  omnipresent  are 
spores,  that  the  slightest  fleck  of  dirt,  the  use  of  a  dirty 
instrument,  or  exposure  to  the  air  in  the  act  of  pouring 
out  the  hot  liquor,  allows  the  entrance  of  spores  or 
microbes  and  causes  putrefaction. 

Microbes  are  associated  with  many  kinds  of  fermenta- 
tion. Thus,  some,  like  yeast,  cause  alcoholic  fermenta- 
tion ;  others  turn  milk  sour  by  causing  the  formation 
of  lactic  acid  ;  others  cause  the  formation  of  acetic  acid 
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from  alcohol — i.e.^  "  sour"  wine  by  turning  it  into  vinegar. 
Many  that  live  in  the  soil  perform  useful  functions. 
Thus  one  microbe  aids  the  transformation  of  ammonia 
into  nitrous  acid  :  another  turns  nitrites  into  nitrates  ; 
and  thus  these  two  prepare  necessary  food  for  plants  by 
turning  ammonia,  which  the  roots  of  plants  do  not 
absorb,  into  nitrates,  which  they  do  absorb.  Another  set 
of  microbes  live  in  little  colonies  on  the  roots  of  some 
forest  trees  and  of  common  pod-bearing  plants  like  peas 
and  beans  and  vetches.  Such  plants,  by  the  aid  of  the 
colonies  of  bacteria,  are  able  to  make  direct  use  of  free 
nitrogen,  whereas  most  plants  cannot  make  use  of 
it.  Thus,  in  what  farmers  call  green  manuring,  if  a 
green  crop  of  wheat  or  oats  be  ploughed  into  the  soil, 
the  decay  of  the  plants  adds  no  nitrogenous  richness 
to  the  soil,  for  all  the  nitrogen  in  these  plants  has  been 
taken  by  them  from  the  soil.  On  the  other  hand,  if  a 
crop  of  green  vetches  or  of  beans  be  ploughed  in,  the  soil 
is  enriched  in  nitrogenous  compounds,  for  beans  and 
vetches,  by  the  aid  of  the  bacteria  on  their  roots,  have 
made  use  of  the  free  nitrogen  of  the  air. 

Many  microbes  are  the  cause  of  disease  in  man  and 
animals.  In  some  cases  the  multiplication  of  the  parti- 
cular microbe  within  the  body  caiises  mechanical 
injuries  ;  capillaries  may  be  blocked  up,  cells  and  tissues 
may  be  broken  down.  In  others,  the  microbes  form  some 
kind  of  poison  which,  carried  through  the  body  b}^  the 
blood,  arrests  or  disorders  functions  by  action  on  the 
nervous  system.  It  has  been  noticed  that  the  poisons  set 
free  by  such  microbes  are  fatal  to  the  microbes  them- 
selves, and,  if  death  of  the  body  affected  docs  not  occur 
in  the  interval,  diseases  due  to  microbe  poisoning  may 
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run  their  course  and  then  cease  by  the  actual  poisoning 
of  the  microbes  themselves.  An  animal  that  has  sur- 
vived an  attack  of  this  kind  is  frequently  immune  to 
further  attacks,  and  from  this  starting-point  many 
attempts  at  preventive  inoculation  have  been  made.  It 
has  been  found  that  if  disease-producing  microbes  are 
cultivated  for  several  generations  in  special  substances, 
they  are  altered  so  that  the  microbes  themselves  or  the 
poisons  they  give  out,  when  introduced  into  the  body  of 
an  animal,  cause  a  change  in  the  animal  body  not  nearly 
so  disturbing  and  dangerous  as  the  changes  produced  by 
the  imcultivated  microbe,  but  yet  equally  efficacious  in 
preventing  subsequent  attacks  of  the  uncultivated  mi- 
crobe. Among  the  leading  diseases  associated  with  or 
caused  by  microbes  are  tubercle,  tetanus,  anthrax,  diph- 
theria, cholera,  typhoid.  But  the  relation  between 
microbes  and  diseases  is  now  in  itself  a  great  branch  of 
science,  and  continual  additions  to  the  list  of  cases  are 
being  made. 

On  the  other  hand,  many  microbes  normally  present  in 
the  body  are  harmless  or  useful.  A  large  number  present 
in  the  alimentary  canal  aid  the  process  of  digestion,  while 
others  are  harmless  parasites. 


CHAPTER  VIII 


SINGLE-CELLED  ANIMALS— PROTOZOA 

ALTHOUGH  most  of  the  plants  with  which  Ave  are 
famihar  consist  of  a  multitude  of  cells  specialised 
for  difiTerent  purposes  and  arranged  in  different  wa3?s, 
there  are  many  plants,  like  Protococctis  and  the  yeast 
plant,  each  of  which  consists  of  a  single  cell.  So  also 
with  animals  ;  all  the  larger  animals  consist  of  a  large 
number  of  cells  specialised  for  various  purposes  and 
arranged  to  form  different  tissues  and  organs.  But  there 
are  very  many  animals  grouped  together  by  zoologists 
under  the  name  Protozoa,  in  each  of  which  a  single  cell 
may  form  the  whole  animal.  These  simple  animals 
abound  in  nature  ;  every  drop  of  stagnant  water  contains 
many  of  them  ;  they  are  to  be  found  in  pools  and  ditches, 
in  lakes  and  rivers,  on  the  bottom  of  the  sea  and  on  its 
surface,  and  in  the  slime  and  mud  of  the  shore.  If  some 
fluid  containing  organic  matter  be  exposed  to  the  air, 
single -celled  animals  will  appear  in  it  almost  as  soon  as 
bacteria,  reaching  it  from  the  air  in  the  same  way  as 
bacteria  reach  it.  Many  of  them  live  as  parasites  in  the 
bodies  of  animals  or  of  plants.    If  the  contents  of  the 
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rectum  of  almost  any  animal  that  lives  in  water  (as,  for 
instance,  a  water-beetle  or  a  frog)  be  examined  under 
the  microscope,  many  protozoa  will  be  found.  Other 


Fig.  27. — a.  Amccha  proleus.,  with  retracted  pseudopodia  at  one  end 
near  which  is  the  contractile  vacuole.  At  the  other  end  are  four  pro- 
truded pseudopodia,  and  above  them  lies  the  nucleus.  Embedded  in 
the  protoplasm  are  five  food-vacuoles  containing  small  ingested  organ- 
isms,   b.  Encysted  aniaba.    c.  Amwba  dividing  by  simple  fission. 

protozoa  live  in  the  body-cavities  and  deeper  tissues  of 
most  animals  and  in  man,  sometimes  harmlessly,  some- 
times causing  diseases  in  their  hosts, 
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One  of  the  most  abundant  of  the  protozoa  is  that  named 
Amoeba.  The  largest  Amoebae  are  just  visible  to  the  naked 
eye,  although  even  these  are  too  small  to  be  identified 
except  under  the  microscope.  The  smallest  of  them  are 
not  much  larger  than  bacteria.  They  are  to  be  found 
both  in  fresh  and  salt  water,  while  some  of  them  are 
internal  parasites  of  other  animals.  But  they  are  obtained 
most  easily  from  mud  or  slime  at  the  sides  or  at  the 
bottom  of  water  containing  organic  matter.  In  a  green- 
house, where  flower-pots  are  allowed  to  stand  in  saucers, 
the  slime  collecting  in  the  saucers  is  a  favourite  habitat  of 
Amoeba.  So  also  is  the  slime  round  the  sides  of  tanks 
used  either  as  marine  or  as  fresh-water  aquaria.  When 
one  wishes  to  find  AmoebDs  in  ordinary  ditch-  or  pond- 
water,  the  water  should  be  allowed  to  stand  in  a  vessel 
until  the  mud  has  settled,  and  then  small  quantities 
removed  by  a  pipette  from  the  surface  of  the  deposit  of 
sediment  should  be  examined  under  the  microscope. 
They  are  not  to  be  found  floating  through  the  bulk  of  the 
water,  for  Amoebae  are  neither  motionless,  like  the  resting 
stages  of  Protococcus,  nor  do  they  swim  actively  through 
the  water  like  its  motile  stages.  They  are  creeping  cells, 
which  move  slowly  along  some  surface  like  the  mud  at 
the  bottom  of  water  or  through  thick  slime.  Even  in 
the  very  small  area  of  a  drop  of  water  between  a  glass 
slide  and  a  cover-slip,  they  are  usually  motionless  and 
inactive  and  difficult  to  see,  until  they  have  sunk  to  the 
surface  of  the  slide  or  crawled  out  on  the  under  surface  of 
the  cover-slip.  They  are  also  difficult  to  see  (until  the 
eye  has  become  accustomed  to  their  appearance)  by  reason 
of  their  transparency  and  absence  of  colour.  They  are 
simply  little  naked  masses  of  protoplasm,  without  a 
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limiting  and  defining  celL-wall,  and  almost  unceasingly 
changing  their  shape.    It  is  by  their  movements  that 
they  first  attract  one's  eye.    Amoeba  has  a  thin  ex- 
ternal layer  which  is  even  more  transparent  than  the 
central  portion  of  the  cell,  which  again  appears  granular 
and  contains  various  foreign  bodies,  such  as  pieces  of 
food  which  have  been  taken  in.    The  clear  outer  layer 
contains  none  of  these.    As  one  watches  it,  one  may  see 
at  some  point  in  the  animal  the  more  central  granular 
layer   suddenly  flow  out,  pushing  before  it   but  not 
rupturing  the  external  layer,  so  that  a  long  tongue  or 
process  called  a  pseudopodium  protrudes  from  the  surface 
of  the  animal.    Sometimes  several  of  these  project  from 
different  parts,  and  none  of  them  remain  stationary  for 
long.    Thus  the  animal  is  constantly  changing  its  shape. 
In  this  way,  too,  it  creeps  along  ;  for  the  whole  of  the 
protoplasm  may  follow  in  the  direction  of  one  pseudo- 
podium, as  has  been  already  described  in  the  case  of  the 
amoeboid  corpuscles  of  the  frog  (p.  6).    The  movements 
of  free-living  Amoebae,  however,  are  much  more  rapid  and 
lively  than  are  those  of  amoeboid  cells.    The  pseudopodia 
may  have  different  shapes.    Sometimes,  as  is  the  case 
with  the  most  common  Amoebse  of  salt  water,  these  are 
excessively  long  and  slender,  stretching  out  to  a  distance 
two  or  three  times  the  width  of  the  mass  of  the  animal. 
In  the  most  common  Amoeba;  of  fresh  water  the  pseudo- 
podia are  long  but  quite  broad  and  have  rounded  ends. 
In  others  the  pseudopodia  maybe  short,  blunt,  or  pointed. 
In  the  cases  mentioned  the  pseudopodia  appear  upon  any 
portion  of  the  surface  of  the  cell.    In  other  cases  very 
few  processes,  generally  only  two,  are  formed,  and  these 
appear  at  two  definite  points  opposite  each  other,  so  that 
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this  kind  of  Amoeba  has  an  elongate,  recognisable  shape. 
It  is  not  to  be  supposed  that  any  specimen  of  Amoeba  may 
present  all  these  different  forms  of  pseudopodia.  Careful 
observation  will  show  that  in  most  cases  they  conform  to 
one  of  the  types  mentioned.  As  in  all  cells,  there  is  a 
nucleus  in  Amoeba,  but  in  different  animals  it  has  different 
appearances.  Usually  it  is  a  rounded  oval,  with  small, 
regular,  darker  masses  or  nucleoli  within  it.  Sometimes 
it  is  round  ;  sometimes  there  are  a  large  number  of  small 
nuclei  in  place  of  one  large  nucleus. 

Amozba  is  not  the  name  of  a  single  species  or  individual 
kind  of  animal.  It  is  what  is  called  the  generic  name  of 
a  number  of  different  species  which  are  all  more  closely 
alHed  to  each  other  than  to  any  other  kind  of  animal. 
Thus  the  dog,  wolf,  jackal,  fox,  and  the  cat,  lion,  tiger, 
and  leopard  all  are  different  species  of  animals.  But  the 
dog,  wolf,  jackal,  and  fox  are  all  closely  allied  and  similar 
in  structure,  while  the  cat,  lion,  tiger,  and  leopard  are 
similarly  related.  In  order  to  distinguish  the  animals 
and  express  these  relations  what  is  called  the  binomial 
nomenclature  was  invented.  Thus  the  generic  name  of 
the  dog  and  its  allies  is  Canis^  and  a  second  or  specific 
name  is  added  to  distinguish  the  species  to  which  the 
animal  belongs.  The  dog  is  Cnnis  familiaris ;  the  wolf, 
Canis  lupus  ;  the  jackal,  Cam's  aureus.  The  generic  name 
of  the  cat  is  Felis.  The  wild  cat  is  Fclis  catus.  The 
domestic  cat  is  probably  a  cross  breed.  The  lion  is  Fclis 
leo^  the  tiger,  Fclis  tigris ;  the  leopard,  Felis  pardtvs. 
Aniosba  is  a  generic  name  and  there  are  many  species 
of  Amceba,  no  doubt  more  difficult  to  distinguish  because 
of  the  smaller  number  of  visible  characters,  but  still 
different  animals,  like  the  dog,  fox,  and  wolf.     To  a 
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certain  extent  these  species  of  Amoeba  can  be  distin- 
guished by  the  shape  of  the  nucleus,  the  form  and 
appearance  of  the  pseudopodia,  and  to  an  expert  eye 
by  the  general  appearance  of  the  whole  animal.  But 
besides  the  visible  characters  the  species  are  separated 
by  many  others.  Thus  a  species  that  is  accustomed 
to  live  in  fresh  water  is  killed  by  being  placed  in  the  sea 
water  in  which  a  sea-water  species  is  living.  An  amosba 
of  salt  or  fresh  water  taken  into  the  alimentary  canal  of 
man  would  almost  certainly  be  killed  and  would  certainly 
not  set  up  the  diseases  caused  by  the  species  that  may  be 
found  there. 

In  certain  cases  two  Amoebte  of  the  same  species  coming 
together  go  through  what  is  called  conjugation :  the 
protoplasm  of  the  two  fuse  together  and  the  two 
animals  live  as  one  for  a  time.  If  Amoebae  of  different 
species  came  together,  either  no  result  would  follow  or 
one  would  eat  the  other.  By  careful  experiment,  it  has 
been  found  possible  to  accustom  Amoebae  to  unusual  con- 
ditions of  life,  to  keep  fresh-water  Amoebae,  for  instance,  in 
water  to  which  salt  has  been  gradually  added.  But  we 
have  no  reason  to  suppose  that  experiment,  however  pro- 
longed, could  change  a  fresh-water  species  into  one  of  the 
existing  salt-water  species,  although  it  is  possible  that  it 
might  turn  the  fresh-water  form  into  a  new  salt-water 
variety.  It  seems  to  be  as  true  of  the  species  of  Amoebae 
as  of  the  species  of  all  animals,  that  species  are  kinds  of 
animals  with  distinct  structure,  properties,  and  habits, 
and  that  although  it  may  be  possible  to  change  or 
modify  the  structure  or  properties  or  habits  of  a  species 
by  subjection  to  unusual  conditions,  it  is  not  possible  to 
turn  one  species  into  another  existing  species. 
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The  most  convenient  Amoeba  to  study  is  Amccba 
protetis^  the  largest  found  in  fresh  water.  In  this,  the 
pseudopodia  are  long  but  wide  and  are  usually  rounded 
or  even  expanded  at  their  ends.  The  nucleus  is  not  easily 
seen  unless  the  specimen  has  been  killed  and  stained,  but 
even  in  a  living  state  it  may  be  recognised  as  a  rounded 
oval  structure  embedded  in  the  granular  protoplasm, 
darker  in  coloiu',  and  of  more  even  texture.  It  can 
move  freely  in  the  protoplasm  and  shifts  its  position 
during  the  creeping  movements  of  the  animal.  A  large 
contractile  vacuole  is  always  present  and  its  slow  ex- 
pansion and  quick  contraction  can  be  studied  with  ease. 

As  Amoeba  moves  about,  it  comes  in  contact  with  various 
little  animals  and  plants  living  in  the  same  mud  or  water. 
It  may  be  observed  ingesting  these,  taking  them  into  its 
interior  at  any  point.  Sometimes  two  pseudopodia  entrap 
the  prey  between  them,  and  fusing  together  embed  it  in 
the  common  mass  of  the  animal.  When  the  prey  is  part 
of  the  filament  of  an  alga  like,  for  instance,  Spirogyra, 
the  Amoeba  engulfs  a  portion  which  remains  attached  to 
the  rest  of  the  plant.  It  is  such  small  animals  and  plants 
that  form  the  food  of  Amoeba.  The  ingested  prey  may  be 
seen  to  lie  in  the  protoplasm  surrounded  by  a  small  layer 
of  fluid  which  consists  partly  of  water  unavoidably  taken 
in  with  the  food,  but  which  also  contains  some  digestive 
juice  similar  to  gastric  juice  and  secreted  by  the  proto- 
plasm. This  little  space  containing  digestive  juice  and 
food  is  known  as  a  food  vacuole,  and  several  of  them  may  be 
seen  in  one  Amoeba.  The  living  material  of  the  ingested 
animal  or  plant  is  acted  upon  by  the  digestive  juice,  and 
its  proteids  are  turned  into  soluble  material.  The 
digestion  of  the  food  can  be  watched  best  when  it  is  a 
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green  plant.  First  the  chlorophyll  is  destroyed  and  all 
the  soft  part  of  the  plant  disappears,  leaving  behind  only 
the  cellulose  wall  and  a  few  particles  of  indigestible 
debris.  The  nutritive  juice  thus  formed  gradually 
passes  out  of  the  vacuole  and  gets  lost  to  sight  in  the 
minute  spaces  of  the  protoplasm.  Finally,  the  indiges- 
tible remains  are  squeezed  out  of  the  Amoeba  at  the 
nearest  point. 

Experiments  show  that  Amoeba  requires  either  living 
protoplasm,  in  the  form  of  the  bodies  of  animals  or 
plants,  or  dead  proteid  matter,  like  raw  beef  or  white 
of  egg,  in  order  to  live  or  grow.  It  cannot  digest 
starch  or  fat,  and,  unlike  a  plant,  is  unable  to  build  up 
proteid  material  from  simple  inorganic  salts  :  nor,  unlike 
the  yeast  plant,  can  it  make  use  of  ammonium  tartrate 
as  its  nitrogenous  supply.  Like  the  yeast  plant  and  green 
plants  when  sunlight  is  not  acting  upon  their  chlorophyll 
it  requires  a  supply  of  oxygen.  Mineral  substances, 
which  appear  simply  to  be  those  entering  into  the  com- 
position of  protoplasm,  it  obtains  partly  from  the  proto- 
plasm of  the  organisms  it  eats  and  partly  from  the  small 
quantities  of  salts  which  are  present  even  in  fresh  water. 
For  its  life-history,  then.  Amoeba  requires  small  quantities 
of  mineral  matter,  proteid,  either  in  the  form  of  living 
animals  which  is  the  natural  condition,  or  supplied  it 
artificially,  water,  which  it  gets  directly  from  its  sur- 
roundings, and  oxygen  which  is  dissolved  in  the  water. 
The  protoplasm  or  proteid  is  digested  and  absorbed  and  the 
nutritive  material  passes  into  the  interstices  of  the  proto- 
plasm. The  indigestible  portion  is  excreted  or  turned  out. 
The  real  waste  matter  of  the  Amoeba,  that  which  comes 
from  the  actual  wear  and  tear  of  its  protoplasm  in  the 
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processes  of  life,  is  secreted  into  the  contractile  vacuole 
and  then  discharged  as  an  excretion  from  that,  just  as 
nitrogenous  waste  is  removed  from  the  blood  by  the 
kidneys  and  discharged  from  the  bladder  to  the  exterior. 

As  a  matter  of  direct  observation  it  is  not  known  how 
the  carbonic  acid,  the  result  of  the  oxidising  process  of 
the  living  protoplasm,  is  removed,  but  probably  it  is  dis- 
charged into  the  water  just  as  the  oxygen  is  taken  up 
from  the  water. 

It  is  to  be  noticed  that  all  these  processes  of  taking  in, 
building  up,  and  giving  out,  go  to  make  up  what  is  called 
the  vital  activity  of  protoplasm.  In  the  complicated 
bodies  of  higher  animals  mechanical  conditions  may  come 
into  operation.  Thus,  for  instance,  the  absorption  of 
oxygen  by  the  lungs  and  the  discharge  of  carbonic  acid 
may  be  aided,  in  accordance  with  the  laws  of  diffusion 
of  gases,  by  the  difference  between  the  low  pressure  of 
oxygen  in  the  venous  blood  and  the  higher  pressure  in 
the  atmospheric  air  in  the  alveoli  of  the  lungs  ;  while  the 
excretion  of  carbonic  acid  may  be  aided  by  the  fact  that 
the  blood  in  the  lungs  contains  an  abnormally  large 
amount  of  that  gas,  while  the  air  contains  a  very  small 
amount.  In  such  a  condition  of  things  the  laws  of  the 
diffusion  of  gases  may  come  into  operation.  But  in  the 
case  of  Amoeba  there  is  no  arrangement  of  this  kind,  and 
it  is  important  to  remember  that  it  is  one  of  the  pro- 
perties of  the  protoplasm  of  Amoeba,  and  in  all  probability 
of  all  protoplasm,  to  absorb  oxygen  and  discharge  carbonic 
acid  independently  of  pressure  and  diffusion.  So  also  with 
the  discharge  of  the  nitrogenous  waste  matter.  In  the 
body  of  man  the  separation  from  the  blood  in  the  kidneys 
of  urea  and  of  water  may  be  aided  by  the  mechanical 
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conditions  of  the  complicated  structure  of  the  kidneys. 
But  in  Amoeba  this  secretion  and  discharge  of  waste 
matter  goes  on  independently  of  specially  adapted  struc- 
tures. It  is  one  of  the  properties  of  the  protoplasm  of 
Amoeba,  and  probably  of  all  protoplasm,  to  remove  nitro- 
genous waste  matter. 

When  Amoeba  has  an  abundant  supply  of  food,  the 
building  up  of  new  protoplasm  goes  on  more  rapidly  than 
the  process  of  breaking  down,  and  the  Amoeba  grows 
larger.  As  is  the  case  with  all  cells,  there  is  a  limit  of  size 
beyond  which  an  Amoeba  does  not  go.  Instead  of  grow- 
ing larger,  or  of  ceasing  to  feed,  reproduction  takes  place. 
It  cannot,  however,  be  said  that  reproduction  is  simply  the 
direct  result  of  the  attainment  of  a  certain  size.  The  size 
at  which  it  takes  place  is  different  in  the  case  of  different 
species  of  Amoeba,  and  even  varies  in  the  case  of  indi- 
viduals of  the  same  species.  In  the  case  of  many  single- 
celled  animals,  although  not  in  the  case  of  Amoeba,  it  has 
been  shown  that  although  the  most  abundant  supply  of 
food  be  given,  and  the  other  conditions  be  favourable  to 
active  growth,  reproduction  by  division  will  not  go  on  for 
an  indefinite  number  of  generations.  After  a  time  the 
individuals  appear  to  become  more  languid  and  feeble 
and  the  greater  number  of  them  die.  A  few,  however, 
undergo  the  process  of  conjugation.  In  the  case  of  Spiro- 
gyra  it  will  be  remembered  that  in  unfavourable  con- 
ditions a  kind  of  sexual  reproduction  took  place.  The 
protoplasm  of  two  cells  united  to  form  a  spore.  In  the 
case  of  some  Protozoa  after  two  cells  have  come  together, 
the  nuclear  matter  of  each  and  the  protoplasm  of  each 
unite,  and  the  whole  mass  becomes  enclosed  in  a  firm 
cell-wall  and  breaks  up  into  a  set  of  spores.    In  other 
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cases,  after  the  two  cells  come  together  in  the  process  of 
conjugation,  a  complicated  interchange  of  nuclear  matter 
and  apparently  of  protoplasm  goes  on  between  the  two, 
and  ultimately  the  two  separate  again,  and  each  takes  up 
the  usual  method  of  reproduction  by  simple  division.  In 
Amoeba  the  process  of  conjugation  has  been  noticed,  but 
the  exact  details  of  what  occurs  are  not  known.  It  is, 
however,  clear  that  although  reproduction  by  division  is 
due  in  the  first  place  to  growth,  this  process  will  not 
occur  to  an  indefinite  extent  in  any  individual  case  ;  re- 
production is  not  a  simple  effect  of  overgrowth.  As  in  the 
case  of  excretion  and  respiration,  we  have  to  fall  back  on 
the  statement  that,  as  an  observed  fact  it  is  a  property  of 
the  mass  of  protoplasm  known  as  a  cell  to  divide. 

The  actual  process  of  reproduction  in  Amoeba  begins 
with  the  nucleus.  This  becomes  elongated  ;  a  contraction 
appears  in  the  middle,  giving  it  a  dumb-bell  shape  ;  the 
contraction  deepens  until  the  elongated  nucleus  is  sepa- 
rated into  two  nuclei.  During  the  division  of  the  nucleus 
the  surrounding  protoplasm  also  constricts,  and  ultimately 
the  whole  animal  divides  in  two  (Fig.  27.  c).  In  this  pro- 
cess there  is  no  trace  of  any  distinction  between  the  two 
halves  of  the  daughter  Amoebae.  Both  are  exactly  alike, 
and,  except  in  size  until  they  have  grown,  they  are  exactly 
like  the  parent  cell. 

One  notable  point  in  which  the  reproduction  of 
Protozoa  by  simple  division  differs  from  the  reproduction 
of  higher  animals  must  be  noticed.  A  man,  or  a  cat,  or 
dog  gives  rise  to  sons  and  daughters  and  ultimately  dies. 
In  the  case  of  Amoeba,  the  sons  and  daughters  are  them- 
selves the  body  of  the  parent ;  the  single  Amoeba  as  an 
individual  disappears.    As  a  mass  of  protoplasm  it  is  not 
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subject  to  death  except  as  an  accident.  As  we  know  only 
of  reproduction  by  simple  division  in  the  case  of  Amoeba 
and  of  many  other  Protozoa,  those  alive  just  now  have 
descended,  so  far  as  we  can  infer,  in  a  direct  continuous 
chain  of  division  from  the  first  AmoebcC  that  ever  lived. 

There  is  one  other  occurrence  in  the  life  of  Amoeba  which 
must  be  noticed.  Occasionally,  especially  under  unfavour- 
able conditions,  a  thin  skin  or  cell-wall  forms  round  the 
Amoeba.  This  is  excreted  by  the  protoplasm  and  is  a 
substance  of  a  horny  nature.  The  pseudopodia  are  with- 
drawn, the  animal  assumes  a  spherical  shape  and  the 
cell-wall,  or  cyst,  becomes  thick  and  nearly  opaque  (Fig. 
27.  b).  After  a  period  of  quiescence  the  wall  of  the  cyst 
ruptures,  and  the  Amoeba  creeps  out,  leaving  behind  it  the 
empty  cyst.  Except  that  it  may  serve  as  a  means  of  pro- 
tection against  untoward  influences,  the  meaning  of  this 
process  of  encystment  is  not  known. 
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CILIATED  PROTOZOA 

IN  many  Protozoa  allied  to  Amoeba  the  pseudopodia 
assume  peculiar  shapes.  A  single,  long,  tapering 
pseudopodium  which  is  vibratile  but  cannot  be  with- 
drawn resembles  very  closely  the  two  long  cilia  or 
flagella  to  be  found  in  the  motile  stages  of  Protococcus. 
Sometimes  the  pseudopodia  are  branched  at  the  tips.  In 
others  the  tips  are  expanded  into  tiny  knobs,  which  under 
the  microscope  give  the  appearance  of  minute  pins 
inserted  into  the  cell  by  their  points,  as  is  shown  in  Fig. 
28.  An  occurrence  of  very  great  interest  may  be  seen  in 
a  protozoon  with  tentacle-like  pseudopodia  by  any  one 
who  cares  to  watch  sufficiently  long  for  its  occurrence. 
The  Protozoon  in  question  is  an  acinetan  called  Spliccro- 
phrya  (Fig.  28).  It  is  common  in  fresh-water  ponds  in 
this  country,  and  may  be  found  if  the  method  recom- 
mended on  page  10  be  followed.  It  is  a  small  form, 
nearly  circular,  and  possessing  a  large  number  of  very 
long  slender  pseudopodia  with  knobs  at  their  tips.  These 
knobs  consist  of  liquid  tenacious  protoplasm,  probably 
with  poisonous  properties.  By  them  small  swimming 
Protozoa  are  captured,  and  in  a  captured  animal,  after  a 
short  struggle,  the  movements  of  life  are  paralysed,  and, 
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by  the  bending  of  the  knobbed  pseudopodium,  the  prey  is 
gradually  pulled  into  the  cell-body  and  there  engulfed. 
Here,  then,  is  a  case  where,  instead  of  a  simple  pseudo- 
podium which  may  disappear  and  be  reformed  at  any 
moment,  there  is  a  more  elaborate  structure  specialised 
for  a  particular  purpose.  Sphcerophrya  may  be  seen  to 
divide  by  simple  trans- 
verse fission.  \  V       1     /  ^M: 


fifteen    minutes     after        /      J  \ 
Fig.  28.  (7,  the  smaller 

result  of  the    division       Fig.  28. — An    .'Vcinetan  dividing. 


shape,  and  its  knobbed     and  the  suckers  are  shorter;  c.  the 


have  become  much 
shorter.  At  Fig.  28.  c,  drawn  a  few  minutes  later, 
the  smaller  organism  has  become  much  more  elon- 
gated and  nearly  oval  ;  and  a  large  and  active  con- 
tractile vacuole  appears  in  it.  Suddenly,  as  one  watches 
it  under  the  microscope,  a  most  remarkable  change 


In  Fig.  28.  (7  this  has 
occurred,  and  the  two 
daughter  cells  are  be- 
ginning to  draw  apart. 
The  only  difference  to 
be  noticed  between  the 
two  is  that  one  is  rather 
smaller.  In  Fig.  28.  <5, 
which  was  drawn  from 
the    specimens  about 


shows  a  more  irregular 


a.  The  two  daughter  cells  are  alike  ; 

b.  one  cell  becomes  irregular  in  shape 
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occurs.  The  knobbed  tentacles  at  one  end  of  the  oval 
break  down  into  a  faint  transparent  layer  of  proto- 
plasm, as  shown  in  Fig.  28.  and  almost  as  suddenly  this 
layer  of  protoplasm  breaks  up  into  a  number  of  delicate 
short  waving  lines  of  protoplasm.  These  are  called  cilia, 
little  hairs,  and  by  their  rapid  vibrations  the  oval  animal, 
hitherto  stationary,  is  propelled  through  the  water  at  a 
pace  which  makes  it  difficult  to  keep  it  in  the  field  of  the 
microscope  (Fig.  28.  c).  After  a  short  period  of  vagrant 
life  the  animal  settles  down  ;  the  cilia  again  disappear 
and  knobbed  pseudopodia  take  their  place,  while  the 
nearly  spherical  form  is  assumed  again.  Cilia,  then, 
in  their  simplest  condition  are  proto- 
plasmic structures  to  be  regarded  as 
specialised  pseudopodia. 

A  large  number  of  the  most  common  Protozoa  are 
characterised,  among  other  features,  by  the  possession  of 
cilia.  These  have  two  chief  uses  :  they  may  serve  to 
propel  the  animal  through  the  water,  or,  when  the 
animal  remains  stationary,  their  vibrations  may  draw 
currents  of  water  towards  the  animal  itself,  and  in  these 
currents  are  carried  the  small  organisms  which  serve  as 
food.  Another  feature  in  the  ciliated  Protozoa  is  that 
their  protoplasm  instead  of  being  naked,  as  in  Amoeba,  is 
protected  by  a  delicate  cell-wall.  This,  like  the  cyst  of 
Amoeba,  is  a  horny  material  secreted  by  the  protoplasm. 
A  great  advance  in  complexity  of  structure  results. 
Amoeba  and  other  naked-walled  Protozoa  can  take  in  food 
at  any  point  of  their  surfaces.  In  the  other  forms,  the 
cell-wall  either  prevents  this  or  makes  it  difficult.  And 
so  in  the  ciliated  Protozoa  a  small  part  of  the  surface  is 
usually  unprotected  by  cell-wall  and  serves  as  a  mouth 
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to  take  in  food  and  an  anus  by  which  excreta  are  dis- 
charged. Tlris  soft  part  of  the  surface  of  the  animal,  no 
doubt  for  reasons  of  safety,  is  frequently  sunk  down  until 
it  comes  to  lie  at  the  bottom  of  a  funnel-like  depression 
which  may  be  called  the  pharynx  or  gullet.  Round  about 
this,  special  bands  of  cilia  serve  to  sweep  currents  in 
towards  the  mouth,  and  the  whole  depression  may  be 
covered  and  protected  by  a  movable  part  of  the  body  of 
the  animal  which  serves  as  a  flap  or  lid  to  the  pharynx. 
It  is  to  be  remembered  that  all  this  structure  is  within  a 
single  cell.  The  parts  are  not  formed  by  the  arrange- 
ment of  many  cells,  like  the  mouth,  gullet,  and  so  forth, 
of  higher  organisms.  Organisation,  the  formation  of 
organs,  although  most  familiar  to  us  in  the  case  of  many- 
celled  animals,  exists  in  single-celled  animals  also.  The 
capacity  of  becoming  organised,  then,  is  one  of  the  pro- 
perties of  protoplasm. 

Among  common  ciliated  Protozoa  are  the  bell-animal- 
cules of  the  genus  Vorticella.  The  various  species  of 
this  are  to  be  found  almost  everywhere,  in  fresh  water  or 
in  sea  water.  They  are  small  in  size,  but  under  the 
microscope  they  may  be  recognised  at  once  by  their 
habits  and  shape.  Each  consists  of  an  oval  or  bell- 
shaped  head  attached  to  water-weed  or  pieces  of  stone,  or 
even  to  the  shells  or  bodies  of  small  aquatic  animals. 
The  whole  animal,  which,  although  very  complicated,  is 
a  single  cell,  is  clad  with  a  delicate  cell-membrane.  At 
what  may  be  called  the  lower  or  attached  end  of  this,  the 
membrane  is  drawn  out  into  a  long,  exceedingly  delicate, 
hollow  stalk  by  the  extreme  end  of  which  it  is  anchored. 
Within  this  hollow  stalk  a  darker  protoplasmic  thread 
runs  from  the  protoplasm  of  the  cell-body  in  a  very 
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loosely  twisted  spiral  to  the  extreme  end  of  the  stalk. 
Under  the  higher  powers  of  the  microscope  this  axial 
thread  of  protoplasm  is  seen  to  be  granular,  and  the 
granules  are  arranged  in  lines  across  the  short  diameter 


Fig.  29. — Living  Vorlicella  in  the  act  of  expanding  ;  the  spiral  stalk 
with  central  contraclilc  thread  is  uncoiling  ;  the  peristome  has  expanded 
and  the  cilia  are  in  active  motion  ;  under  the  raised  edge  of  the  disc  a 
ciliated  pharynx  passes  into  the  interior  of  the  cell  ;  to  the  right  of  the 
pharynx  the  pulsating  vacuole  is  seen  as  a  clear  spot ;  looped  in  the 
protoplasm  is  the  horse-shoe-shaped  nucleus  ;  several  food-vacuoles 
appear  as  dark  spots. 

of  the  thread,  giving  it  a  striated  appearance.  The 
slightest  jar  causes  the  stalk  to  contract,  and  the  contrac- 
tion consists  in  the  loose  spiral  of  the  thread  of  proto- 
plasm suddenly  coiling  into  a  very  tightly  rolled  spiral, 
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SO  that  the  stalk  is  shortened  into  a  thick  coiled  cylinder 
not  so  long  as  the  bell-shaped  head,  which  is  pulled  down 
close  to  the  point  of  support.  The  contraction  is  due, 
not  to  a  change  in  the  actual  bulk  of  the  protoplasm, 
but  to  a  change  in  shape.  So  also  in  the  muscles  of 
higher  animals  the  shortening  of  a  muscle  fibre  is  always 
accompanied  by  a  change  proportionate  to  the  increase 
in  the  thickness  of  the  fibre.  The  unrolling  of  the  spiral, 
and  the  consequent  protrusion  of  the  Vorticella  from  its 
place  of  anchoring,  takes  place  much  more  slowly. 

In  the  contracted  condition  the  head,  or  cell-body,  of 
Vorticella  is  nearly  globvilar.  As  the  uncoiling  proceeds, 
the  globe  slowly  becomes  bell-shaped.  The  circular 
edge  of  the  bell  mouth,  which  has  been  tucked  into  the 
bell  cavity,  first  expands,  and  is  seen  to  form  a  circular 
lip,  of  which  the  edge  all  round  is  slightly  folded  back. 
This  is  called  the  peristome,  because  it  surrounds  the 
stoma,  or  mouth.  As  the  peristome  expands,  the  edge  of 
a  circular  disc  lying  in  the  mouth  of  the  bell  is  pushed 
up,  like  the  lid  of  a  "  Jack-in-the-box,"  and  from  between 
the  pushed-up  edge  and  the  inner  edge  of  the  peristome 
one  or  two  long,  stout  bristles  are  protruded.  At  the 
same  time  a  circle  of  long  cilia  which  are  arranged  round 
the  edge  of  the  disc  begin  to  vibrate  very  rapidly  and  to 
cause  a  whirlpool  in  the  water,  by  which  any  small 
floating  objects  are  drawn  inwards  to  the  opening  under 
the  edge  of  the  disc.  This  opening  leads  into  a  funnel- 
shaped  depression,  the  pharynx,  lined  with  vibratile  cilia, 
and  leading  inwards  to  the  centre  of  the  cell.  At  the 
bottom  of  this  depression  a  small  area,  not  covered  by 
cell-wall,  serves  as  the  actual  mouth  by  which  food- 
particles  drawn  into  the  pharynx  by  the  action  of  the 
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cilia  are  actually  taken  into  the  protoplasm.  Another 
soft  area  at  the  side  of  the  funnel  serves  as  the  anus  by 
which  the  indigestible  portions  of  the  food  are  extruded. 
In  the  protoplasm  near  the  anus  is  a  large  contractile 
vacuole,  which  one  may  see  slowly  expanding  and  rapidly 
discharging  its  contents  into  the  pharynx,  from  which 
they  escape  to  the  exterior.  In  the  protoplasm,  also, 
many  food  vacuoles,  like  those  of  Amceba,  may  be  seen  at 
different  places.  Lastly,  the  nucleus  can  be  seen  as  a  very 


Fig.  30. — a.  Diagram  of  Vorticclla.  to.  Motile  form.  c.  Encysted 
Voi-ticella  with  beaded  nucleus,  d.  One  of  the  spores  into  which  c 
divides,    e-h.  Stages  in  the  development  of  spore  into  adult  form. 

long  and  rather  narrow  granular  mass,  twisted  into  a 
horse-shoe  shape. 

Notwithstanding  the  much  greater  complexity  of  this 
unicellular  animal  the  processes  of  respiration,  digestion, 
and  excretion  take  place  precisely  as  in  Amoeba.  As  it  is 
fixed  to  a  particular  spot,  and  so  can  be  kept  under 
observation  more  easily,  it  is  more  easy  to  experiment 
with.  If  granules  of  carmine  be  placed  in  the  water  near 
it,  the  direction  of  the  ciliary  currents  may  be  observed, 
and  the  precise  spot  at  which  the  food  material  is  taken  into 
the  protoplasm  may  be  noted.  It  is  possible  also  to  study 
the  motion  of  the  cilia  in  detail.  By  the  introduction  into 
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the  water  on  the  shde  of  a  minute  trace  of  dilute  iodine — 
or  better,  of  a  drop  of  water  into  which  tobacco  smoke 
has  been  bloAvn  through  a  tube — the  movements  of  the 
ciHa  may  be  made  slower,  although  a  slight  overdose 
permanently  arrests  them.  If  a  single  cilium  be  watched, 
the  movement  may  be  seen  to  consist  of  a  series  of  quick 
bendings  in  one  direction,  each  bending  being  followed 
by  slower  recover}'  of  the  straight  position.  The  cilia 
are  themselves  protoplasmic  structures,  and  the  bending 
and  recovery  are  due  to  alternate  contractions  of  the 
protoplasm  on  either  side  of  the  cilium.  Ciliary  motion, 
then,  is  a  form  of  protoplasmic  activity. 

Reproduction  in  Vorticella  is  more  complicated  than 
in  Amoeba.  First,  reproduction  by  longitudinal  fission 
occurs.  The  nucleus  divides  as  in  Amoeba,  and  then 
division  of  the  cell-body  occurs.  At  first  the  two  daughter 
cells  remain  attached  to  a  common  stalk,  and  in  many 
close  allies  of  Vorticella,  "  colonial  forms,"  with  a  number 
of  heads  on  the  same  stalk,  may  thus  be  formed.  But  in 
Vorticella,  one  part  remains  attached  to  the  stalk,  the 
other  half  grows  barrel-shaped,  and  towards  the  lower 
end  of  the  barrel  a  second  ring  of  cilia  develops  (Fig.  30. 
b).  Then  the  barrel- shaped  Vorticella  leaves  the  parent 
stalk,  and  propelled  by  the  ring  of  cilia  swims  about 
actively  for  a  time.  Ultimately  it  settles  down,  and  a 
stalk  grows  out  by  which  it  is  anchored  in  a  new  locality, 
and  it  becomes  indistinguishable  from  the  parent  organism 
or  from  its  stationary  twin.  In  this  way  the  fixed  Vorti- 
cella may  spread  from  place  to  place,  and  those  animals 
that  settle  down  in  positions  favourable  for  food  survive. 
Occasionally,  however,  it  may  be  seen  that  a  fixed  form 
gives  rise  directly  to  the  vagrant  form  by  developing  a 
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posterior  ring  of  cilia  and  breaking  away  from  its  stalk. 
This  happens  in  circumstances  Avhere  the  water  is 
evaporating,  as,  for  instance,  when  a  number  of  Vorticella 
are  kept  for  a  few  hours  under  observation  in  a  very 
small  quantity  of  water. 

In  a  second  form  of  reproduction  the  Vorticella  divides 
into  a  large  and  a  small  portion,  the  latter  part  appearing 
simply  like  a  bud  upon  the  larger.  The  small  cell 
becomes  an  elongate,  barrel-shaped,  vagrant  form,  with  a 
posterior  ring  of  cilia,  as  in  the  case  first  mentioned,  the 
only  difference  in  appearance  being  that  the  vagrant  buds 
are  very  small.  Sometimes  the  Vorticella  divides  in  two, 
and  while  one  half  remains  attached  to  the  stalk  the 
other  breaks  up  into  several  vagrant  lorms.  Thus,  when 
this  kind  of  division  has  been  occurring,  there  result  a 
number  of  fixed  forms  and  a  number  of  small  wandering 
forms.  Between  these  conjugation  may  occur.  A 
vagrant  form  comes  up  to  one  of  the  fixed  forms  to 
which  it  has  wandered,  and  the  protoplasm  of  the  two 
completely  fuses,  the  small  vagrant  forms  being  entirely 
absorbed  in  the  fixed  form.  After  the  process,  reproduc- 
tion by  fission  occurs  more  vigorously  in  the  fixed  form. 
The  interest  of  this  process  of  conjugation  is  that  it 
foreshadows  the  sexual  reproduction  of  higher 
animals.  The  large  fixed  form  represents  the 
egg-cell  of  the  female,  Avhich  is  usually 
large  and  stationary;  while  the  small, 
actively  swimming  form  corresponds  to 
the  spermatozoon,  which  is  a  small, 
freely  moving  cell  that  seeks  out  and 
fuses  with  the  egg-cell. 

A  third  method  of  reproduction  is  preceded  by  encyst- 
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ment.   A  Vorticella  becomes  detached  from  its  stalk,  and 
secretes  a  thick  cell-wall  (Fig.  30.  c).    Within  this  the 
nucleus  and  the  protoplasm  break  up  into  a  number  of 
little  spores,  in  each  of  which  there  is  a  portion  of  the 
nucleus  and  some  protoplasm.    A  cell-wall  forms  round 
each  spore,  and  ultimately  the  cyst  ruptures,  liberating 
the  spores.    It  is  by  these  that  Vorticella  most  easily  gets 
carried  from  place  to  place,  by  the  wind  or  by  other 
agencies.    The  thick  wall  of  the  spore  protects  it  against 
untoward  influences.    When  the  spore  reaches  a  place 
favourable   to  development,  its  wall  ruptures  and  the 
protoplasm  creeps  out  as  a  little  naked,  partly  amoeboid, 
mass  of  protoplasm.    This  rapidly  becomes  elongated,  and 
develops  a  ring  of  cilia  (Fig.  30.  d  to  //).    It  swims  about 
actively,  and  finally  settles  down  as  the  adult  form,  with 
stalk,  pharynx,  peristome,  disc,  and  so  forth.    This  fore- 
shadows another  feature  of  the  reproduction  of  higher 
animals.    The  first  stage  in  the  life  of  the  young  of  a 
worm,  or  a  frog,  or  a  man  is  very  unlike  the  adult  stage. 
It  is  a  simple  single  cell,  which  only  after  a  long  and 
complicated  series  of  changes  becomes  like  the  adult. 
Sometimes,  as  in  man,  all  these  changes  go  on  within  the 
body  of  the  mother  ;  sometimes,  as  in  the  frog,  some  of 
the  stages  swim  actively  about  as  tadpoles,  get  their  own 
food,  and  live  exactly  as  complete  animals  Avhile  they  are 
finishing  their  development.    But  in  the  cases  of  higher 
animals  the  building  up  of  the  adult  form  takes  place  by 
the  multiplication  of  cells.    The  animal  begins  as  a  single 
cell :  the  adult  is  formed  almost  of  innumerable  cells. 
In  the  case  of  Vorticella  the  adult  animal  and  each  stage 
in  its  growth  is  to  be  regarded  as  a  single  cell.  The 
development  of  the  animal  consists  in  the  organisation 
and  specialisation  of  its  protoplasm. 


CHAPTER  X 


THE  DIFFERENCE  BETWEEN  ANIMALS  AND 

PLANTS 

T  T  T'E  have  now  passed  in  review  a  sufficient  number 


V  V  of  the  lower  forms  of  Hfe  to  understand  the 
differences  between  plants  and  animals.  It  is  only  by  a 
consideration  of  these  low  forms  that  we  can  arrive  at  an 
exact  idea  of  the  distinction  between  the  animal  and 
vegetable  kingdoms,  because  most  of  the  distinctions  with 
which  we  are  familiar  in  the  higher  forms  do  not  hold 
when  we  try  to  trace  them  back  to  the  lower.  For 
instance,  it  is  easy  to  distinguish  between  a  cow  and  a 
cabbage  :  the  animal  is  an  actively  moving  form  ;  the 
plant  remains  fixed  in  the  soil.  But  some  lower  forms  ot 
animals,  such  as  Vorticella,  are  usually  fixed  to  one  spot, 
while  many  of  the  lower  plants,  like  Protococcus,  have 
freely  swimming  motile  phases.  The  cow  has  a  compact 
solid  shape  with  the  chief  organs  embedded  in  the  central 
mass  of  the  body.  It  has  a  mouth  and  a  stomach,  a  heart 
and  blood,  lungs  and  a  nervous  system,  and  internal 
generative  organs.  In  the  cabbage,  the  organs  are  not 
aggregated  into  a  solid  mass,  but  appear  as  thin,  diverging 
leaves  and  flowers  and  roots.  The  cabbage  takes  in  food 
and  air  by  roots  and  leaves,  it  has  no  nervous  system  and 
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no  blood.  But  all  these  distinctions  disappear  when  we 
come  to  distinguish  between  Protococcus  and  Amceba.  If 
there  is  any  notable  difference  in  shape  the  Protococcus  is 
the  more  compact,  the  Amoeba  more  branched  and  diver- 
gent. Neither  have  lungs  nor  leaves,  nervous  system, 
stomach,  nor  heart.  The  cow  may  be  almost  any  colour  ; 
the  prevailing  colour  of  the  cabbage  is  green  on  account 
of  the  chlorophyll  of  the  leaves  ;  but  many  plants,  like  the 
yeast  plant,  and  most  bacteria,  have  no  chlorophyll,  and 
are  therefore  devoid  of  the  familiar  green  tint  of  plants. 
Cows,  like  all  animals,  take  in  oxygen  and  give  out  car- 
bonic acid.  Cabbages,  like  all  green  plants,  in  sunlight 
take  in  carbonic  acid  and  discharge  oxygen  :  but  we  have 
learned  that  it  is  the  property  of  all  living  protoplasm  to 
take  in  oxygen  and  discharge  carbonic  acid,  and,  in  the 
case  of  green  plants,  that  this  process  is  merely  obscured, 
during  the  hours  of  sunlight,  by  the  opposite  process,  due 
to  the  agency  of  chlorophyll.  Even  the  cabbage  at  night 
takes  in  oxygen  and  gives  out  carbonic  acid,  while  many 
plants,  like  the  yeast  plant  and  most  bacteria,  always 
need  oxygen  and,  like  animals,  discharge  carbonic  acid. 

It  will  be  convenient  to  sum  up  the  general  distinctions 
between  animals  and  plants  before  we  attempt  to  follow 
them  out  in  the  lowest  forms.  The  usual  shape  of  plants 
is  branched  and  irregular  ;  their  tissues  grow  chiefly  by 
extension  in  lines  and  sheets.  The  usual  shape  of  animals 
is  compact  and  solid  :  their  tissues  grow  as  solid  organs, 
forming  rounded,  bulky  masses.  The  shape  of  an  animal 
is  therefore  more  or  less  definite  and  characteristic  ;  the 
shape  of  a  plant  is  quite  irregular  and  capable  of  exten- 
sion almost  in  any  direction.  The  plant,  as  a  whole,  is 
usually  stationary.    Its  organs,  like  root-hairs,  or  leaves 
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or  tendrils  may  have  limited  powers  of  movement,  but 
the  plant  as  a  whole  remains  stationary.  The  animal 
body,  on  the  other  hand,  in  the  vast  majority  of  cases 
moves  as  a  whole  ;  it  is  active  and  muscular.  The 
Avhole  surface  of  a  plant  exposed  to  the  air  forms  the 
organ  of  respiration,  and  from  the  arrangement  of  the 
tissues  in  flat,  thin  sheets  and  layers,  the  process  of  respira- 
tion without  special  organs  is  rendered  easy.  On  the 
other  hand,  the  internal  tissues  of  animals  are  so  far 
removed  from  the  outer  air  that  special  organs  of  circula- 
tion and  respiration  are  present,  except  in  the  simplest 
forms. 

A  plant  takes  in  its  food  in  the  form  of  gases  or  solids 
in  solution,  by  its  leaves  and  roots.  An  animal  takes  its 
food  in  solid  form  by  a  mouth,  and  prepares  it  for 
absorption  in  a  stomach.  All  animals  require  nitrogenous 
food  in  the  form  of  proteid  matter,  and  all  animals  take 
in  oxygen  and  discharge  carbonic  acid.  All  green 
plants  are  able  to  build  up  starch  from  water  and  the 
carbonic  acid  of  the  air  ;  with  this  supply  of  starch  they 
are  able  to  build  up  proteid  although  nitrogen  is  supplied 
to  them  only  in  simple  salts  like  nitrates.  On  the  other 
hand,  a  few  green  plants,  like  the  insect-eating  plants,  are 
able,  in  addition,  to  digest  and  absorb  proteid  matter, 
although  in  their  case  the  digestion  of  the  proteid  takes 
place  outside  the  plant  body  by  means  of  digestive  juices 
poured  out.  The  fungi,  being  plants  devoid  of  chlorophyll, 
absorb  oxygen,  and  liberate  carbonic  acid.  Like  animals 
also,  they  are  unable  to  build  up  starch  from  water  and 
carbonic  acid,  and  if  proteid  be  supplied  them,  they  are 
able  to  absorb  and  digest  it.  But  if  starch  or  sugar  be 
supplied  them  they  are  able  to  build  up  proteid  from  a 
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nitrogenous  salt  like  ammonium  tartrate,  a  piece  of 
chemical  elaboration  beyond  the  power  of  any  animal. 

Lastly,  the  cells  of  all  the  higher  plants  have  rigid  cell- 
walls  composed  of  cellulose  or  of  some  simple  modifica- 
tion of  cellulose.  The  cells  of  all  the  higher  animals  are, 
in  the  vast  majority  of  cases,  surrounded  only  by  thin, 
elastic  and  delicate  cell-walls,  and  these  are  never  com- 
posed of  cellulose  nor  of  any  modification  of  cellulose. 

We  shall  find  it  is  easy  to  distinguish  between  the 
simple  animals  and  plants  we  have  been  describing. 
Protococcus,  Spirogyra,  the  yeast  plant,  and  bacteria  are 
plants  :  they  have  cell-walls  of  cellulose,  which  are  rigid 
and  comparatively  inelastic  ;  none  of  them  have  any- 
thing that  can  be  compared  to  a  mouth  or  stonicich. 
Their  food  is  absorbed  as  gases,  and  as  solids  dissolved 
in  water.  The  two  green  plants  build  up  their  own 
starch  from  carbonic  acid  and  water,  and  with  the 
addition  of  nitrates  can  form  for  themselves  the  proteids 
of  their  protoplasm.  The  yeast  plant  and  most  of  the 
bacteria  cannot  manufacture  starch.  When  proteid 
matter  is  supplied  them  they  will  digest  it  and  flourish  ; 
but  they  will  also  live  and  grow  in  a  solution  like 
Pasteur's  fluid,  which  contains  no  proteid  but  nitrogen 
in  the  form  of  ammonium  tartrate. 

Amoeba  and  Vorticella  are  animals  :  Amoeba  has  no 
cell-wall  in  the  normal  condition  :  Vorticella  has  a  thin 
cell-wall  :  but  that,  like  the  cyst  of  Amoeba,  is  composed 
not  of  cellulose,  but  of  chitin,  a  nitrogenous  substance. 

Neither  Amoeba  nor  Vorticella  can  manufacture  starch 
nor  build  up  proteid  from  simple  salts,  nor  can  they  live 
in  Pasteur's  fluid.  As  food,  they  require  actual  proteid 
matter,  preferably  in  the  form  of  the  living  bodies  of 
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Other  organisms.  These  they  take  in  as  sohd  substances 
through  a  temporary  or  permanent  aperture  in  the 
protoplasm,  and  digest  in  a  food  vacuole  which  forms 
round  the  food  particles  in  the  protoplasm.  Another 
distinction  is  obvious  in  their  cases.  They  get  rid  of 
nitrogenous  waste  by  a  special  structure,  the  contractile 
vacuole.  The  plants  have  not  this  structure,  and,  in  the 
case  of  these  simple  forms,  it  is  not  known  how  they  get 
rid  of  their  nitrogenous  waste, 

Although  clear  in  the  cases  before  us,  the  distinctions 
between  plants  and  animals  are  not  applicable  in  all  cases 
of  unicellular  organisms.  Some,  for  instance,  have  a 
cellulose  cell-wall  and  chlorophyll,  and  so  can  live  like 
green  plants.  But  they  also  have  a  contractile  vacuole 
and  a  mouth  and  pharynx,  and,  like  Amceba,  can  ingest 
animal  food.  Others  have  no  cell-wall,  and  have  pseudo- 
podia-like  processes,  and  ingest  solid  food.  But  when 
they  encyst,  the  wall  of  the  cyst  is  cellulose,  and  the 
spores  within  the  cyst  have  also  cellulose  Avails. 

No  complete  separation  exists  between  the  two  king- 
doms. It  is  most  probable  that  animals  and  plants  have 
a  common  origin  and  that  some  of  the  lower  existing 
forms  of  life  retain  characters  that  afterwards  became  the 
marks  of  separate  kingdoms. 


CHAPTER  XI 


CELL-STRUCTURE  AND  CELL-DIVISION 
T'E   have   found   that    the    simplest  organisms, 


V  V  whether  they  belong  to  the  animal  kingdom  or 
to  the  plant  kingdom,  consist  of  single  cells.  The  bodies 
of  all  higher  animals  and  plants  are  made  up  of  many 
cells  which  are  the  result  of  cell-growth  and  cell  division. 
In  a  sense,  then,  cells  are  the  units,  the  living  bricks  out 
of  which  the  animal  and  plant  body  are  built  up.  We 
have  seen,  however,  that,  as  in  Amoeba  and  Vorticella 
and  Protococcus,  very  many  diiferent  structures,  which 
one  may  call  organs,  are  present  within  the  cell,  and  that 
different  cells  assume  very  different  shapes  and  appear- 
ances and  have  very  different  properties.  In  the  body  of 
the  plant  we  saw  how  the  different  tissues  were  made  up 
of  cells  specialised  for  different  purposes.  So  also  in  the 
animal  body  each  tissue  and  organ  has  cells  of  special 
structure  and  with  special  functions.  In  Fig.  31  there 
are  represented  three  of  the  many  types  of  animal  cells 
taken  from  a  frog.  At  a  is  an  epithelial  cell  taken  from 
the  roof  of  the  mouth.  The  surface  of  the  cell  that  is 
exposed  to  the  cavity  of  the  mouth  is  covered  by  cilia, 
which  serve  to  sweep  currents  of  water  and  mucus 
along  the  mouth  from  the  throat.    At  b  is  a  cell  from 
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the  Avail  of  the  intestine  drawn  during  a  period  of 
activity  ;  the  end  turned  towards  the  cavity  of  the  gut 
has  pseudopodia  by  which  food  particles  are  ingested  from 
the  intestine  ;  some  of  these  appear  within  the  proto- 
plasm. At  c  is  an  unstriated  muscle  cell  from  the  bladder. 

Now  these  cells  are  typi- 
cal of  the  kind  of  cell-spe- 
cialisation Avhich  occurs. 
Each  of  them  is  modified 
and  adapted  to  serve  the 
animal,  the  cell -community 
of  which  it  forms  a  part, 
in  some  particular  direc- 
tion. But  in  addition  each 
performs  all  the  functions 
of  protoplasm  on  its  own 
account.  Each  takes  in 
oxygen  and  discharges  car- 
bonic acid,  takes  in  food 
materials  and  discharges 
nitrogenous  waste  ;  each 
grows  when  there  is  a 
balance  of  income  from 
food  over  expenditure,  and 
at  least  in  the  earlier  period 
of  its  life,  though  seldom 


Fig.  31. — a.  Two  ciliated  cells 
from  roof  of  mouth  of  frog.  b.  Cell 
from  wall  of  frog's  intestine  with 
food  vacuoles  and  pseudopodia. 
c.  Unstriped  muscle  cell  from 
bladder  of  frog.  d.  Diagram  of 
cell. — 1.  Wall.  2.  Centrosome. 
3.  Chromatin  fibres  of  nucleus.  4. 
Nuclear  wall.  5.  Protoplasm  of 
cell-body.    6.  Cell-wall. 


after  it  is  specialised,  each  is  capable  of  reproduction  by 
simple  division. 

Overlooking  the  peculiarities  of  the  different  kinds  of 
cells,  it  is  necessary  that  a  clear  idea  of  the  structure 
of  every  cell  should  be  attained  (Fig.  31.  d).  The  pro- 
toplasm of  the  cell  consists  of  two  distinguishable  parts. 
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There  is  what  appears  under  the  higher  powers  of 
the  microscope  a  network  or  mesh-work  extending  all 
through  the  body  of  the  cell.  This  is  so  exceedingly- 
fine  that  the  meshes  convey  the  appearance  of  granules 
or  fibres  of  more  solid  material  {sec  Figs.  3  and  4),  but 
there  is  reason  to  believe  that  it  consists  not  of  a  net- 
work of  more  solid  material,  but  of  quite  fluid  material, 
forming  the  Avails  of  the  bubbles  of  a  very  delicate  foam. 
Occupying  the  bubbles,  or,  as  it  is  more  generally  de- 
scribed, bathing  the  meshes  of  the  net-work,  is  a  fluid 
juice  containing  probably  the  dissolved  nutritive  materials 
and  the  waste  products  of  the  protoplasmic  activity.  The 
cell-wall,  when  present,  consists  in  the  first  place  of  more 
regularly  arranged  bubbles  of  the  foam  or  meshes  of  the 
net-work,  but  this  usually  is  strengthened  by  deposits  of 
a  secretion  formed  by  the  protoplasm  of  the  cell.  Within 
the  cell  lies  the  nucleus,  composed  of  a  net-work  and  a 
fluid  bathing  the  net-work,  similar  in  appearance  and 
probably  actually  continuous  with  the  net-work  of  the 
cell.  The  nucleus  is  surrounded  usually  by  a  delicate 
membrane,  which,  like  the  cell-wall  in  its  simplest  form, 
is  merely  a  specialised  part  of  the  net-work.  All  these 
parts  of  the  cell  absorb  stains  or  dyes  rather  feebly,  and, 
when  a  stained  cell  is  placed  in  a  solution  containing  a 
solvent  of  the  stain,  the  greater  part  of  the  colouring  is 
removed.  But,  as  we  have  seen  already,  there  is  within 
the  nucleus  another  substance,  a  substance  which  absorbs 
staining  materials  with  greater  avidity,  and  which  com- 
bines with  the  stains  so  firmly  that  when  placed  in  a  sol- 
vent very  little  is  given  up.  This  part  of  the  nucleus,  on 
account  of  this  property,  is  named  chromatin,  and  most 
are  agreed  that  the  chromatin  is  the  part  of  the  nucleus 
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which  is  the  bearer  of  its  special  properties.  In  most 
stained  nuclei  these  chromatic  elements  appear  as  little 
separate  granules  or  pieces  very  much  larger  than  the 
granules  of  the  cell-protoplasm.  '  But  occasionally  it 
happens  that  the  nuclear  matter  becomes  broken  up  into 
a  large  number  of  very  small  parts  which  are  no  longer 
easily  seen,  and  which,  instead  of  remaining  in  a  special 
nuclear  region,  become  scattered  through  the  whole  of 
the  cell.  On  the  other  hand,  in  many  cells  and  in  the 
great  majority  of  cells  before  cell-division  takes  place, 
the  nuclear  matter  appears  to  increase  in  bulk  and  may 
be  seen  to  consist  of  a  number  of  curved  rods  or  loops 
named  chromosomes.  These  chromosomes  vary  in 
number  from  two  to  thirty  or  fort}',  but  as  far  as  obser- 
vance goes  there  is  a  fixed  number  for  each  kind  of  cell. 

In  addition  to  the  chromosomes,  there  is  present  in 
the  nucleus  of  many  cells  a  large  spot,  that  in  the  case  of 
egg-cells  has  been  called  the  germinal  spot.  It  is  com- 
posed of  clearer  material,  and  though  its  function  has  not 
been  made  out  with  certainty,  it  has  been  seen  to  con- 
tract and  expand  slowly,  each  set  of  movements  occupy- 
ing several  hours.  It  is  therefore  supposed  by  some  to 
be  a  special  pulsating  vacuole  for  the  nucleus,  an  excre- 
tory organ  usually  inactive,  but  coming  into  use  when 
the  cell  is  going  through  active  changes  like  the  changes 
of  division. 

Lastly,  there  has  been  shown  to  be  present  in  some  cells 
during  their  inactive  condition,  and  in  very  many  cells 
while  they  are  undergoing  a  complicated  process  of  divi- 
sion, a  very  small  body  composed  of  a  material  that  stains 
only  when  special  methods  are  applied  to  it.  This  is 
termed  the  centrosome  (Fig.  31.  d  2)  because  in  the  pro- 
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cess  of  division  it  is  the  central  body  of  a  small  circular 
area  named  the  directive  sphere,  formed  by  the  proto- 
plasmic granules  arranging  themselves  like  radiating 
beams  round  the  centrosome.  It  has  been  suggested  that 
this  is  present  in  every  cell,  but  that,  owing  to  its  minute 
size  and  the  difficulty  of  staining,  it  can  seldom  be  seen 
until,  in  the  process  of  division,  the  rays  of  granules 
arrange  themselves  round  it. 

It  is  by  the  multiplication  of  cells  that  the  development 
of  an  animal  from  the  egg  and  its  subsequent  growth  take 
place.  Cell-multiplication  is  always  the 
result  of  cell-division.  There  is  no  case 
known  in  which  an  animal  or  a  plant  cell 
comes  into  existence  except  as  the  pro- 
duct of  an  already  existing  cell.  This  divi- 
sion takes  place  in  two  ways.  In  the  simpler  case,  the 
nucleus  may  become  constricted,  and  by  fission  divide  in 
two  portions,  around  each  of  which  half  the  protoplasm 
of  the  cell  becomes  arranged  (Fig.  27.  c).  Not  long  ago 
this  was  thought  to  be  the  usual  method  of  division,  at 
least  in  the  tissues  of  animals.  But  recent  observation 
shows  that  it  is  comparatively  rare,  and  occurs  in  a  few 
special  cases  of  rapid  division  and  in  some  abnormal 
growths  where  the  tissues  are  diseased.  The  prevailing 
method  is  much  more  elaborate.  The  nucleus  goes 
through  a  remarkable  and  regular  series  of  changes,  the 
result  of  which  is  that  an  exceedingly  minute  sub-division 
of  the  chromatin  occurs,  and  that  each  daughter  cell 
gets,  so  to  speak,  a  fairer  half  of  it,  than  in  the  rough- 
and-ready  method  of  simple  transverse  division.  This 
method  of  division  is  termed  mitosis,  or  karyokinesis,  and 
in  general  outline  the  process  is  similar  in  the  cell-divi- 
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sions  of  animals  and  plants,  whether  in  tissue  cells  or  in 
embryonic  cells. 

Although  in  the  last  few  years  a  very  large  number  of 
investigators  have  been  observing  and  describing  cases  of 
karyokinesis,  there  is  still  variance  among  them  as  to  the 
exact  order  of  the  events,  and  especially  in  their  views 
of  the  relations  these  events  bear  to  each  other.  The 
outline  of  the  process  is  this.  The  centrosome  divides 
in  two  ;  round  each  half  radiating  granules  appear  and 
form  two  sun-shaped  directive  spheres,  which  move 
to  opposite  poles  of  the  cell.  The  nuclear  chromatin 
separates  into  a  definite  number  of  chromosomes,  and  the 
nuclear  membrane  disappears.  In  the  protoplasm  between 
the  two  directive  spheres,  a  spindle-shaped  arrangement  of 
colourless  fibres  separate  from  each  other  at  the  equator 
of  the  cell  and  converging  to  each  centrosome,  appears. 
The  curved  chromosomes  become  arranged  in  a  ring  in 
the  middle  of  the  spindle,  each  chromosome,  so  to  speak, 
threaded  upon  a  filament  of  the  spindle  by  its  central 
part,  while  its  two  free  ends  are  bent  outwards  sharply. 
Then  each  chromosome  splits  in  two  along  its  length,  and 
the  halves  move  along  the  threads  of  the  spindle,  in 
opposite  directions,  to  the  centrosomes  at  the  poles. 
When  this  separation  of  the  chromosomes  has  occurred 
the  protoplasm  of  the  whole  cell  begins  to  divide.  Some- 
times this  occurs,  as  in  simple  cell-division,  by  a  con- 
striction of  the  cell-wall  round  the  equator  until  the  cell 
is  gradually  pinched  in  two,  each  portion  containing  a 
centrosome  and  the  halves  of  the  chromosomes  which 
have  moved  up  the  spindle.  More  often  perhaps,  and 
certainly  more  often  in  plants,  the  division  of  the  cell- 
body  occurs  through  the  formation  of  a  cell-plate.  This 
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is  a  plate  of  granular  protoplasm  which  appears  in  the 
equator  of  the  cell  and  runs  through  the  centre  of  the 
spindle  after  the  chromosome  halves  have  begun  to  move 
towards  the  new  poles.  The  splitting  between  the  cells 
occurs  by  a  splitting  of  this  plate,  or,  as  in  the  case  of 
many  plant  tissues,  the  cell-plate  may  remain  as  the 
common  cell-wall  separating  the  two  newly  formed  cells. 
While  the  splitting  of  the  cell-body  is  going  on  in  one  of 
these  ways,  the  chromosome  halves  at  either  pole  approach 
more  closely  together,  and,  losing  their  definite  outlines, 
become  exactly  like  the  nuclear  matter  of  the  cell  before 
it  began  to  divide.  At  the  same  time  the  colourless 
spindle  fibres  disappear  and  a  wall  forms  round  each  of 
the  two  new  nuclei.  Last  of  all,  the  rays  of  granules 
round  the  centrosome  of  each  daughter  cell  become  faint 
and  disappear.  In  some  cases  the  centrosome  itself  re- 
mains visible,  but  while  several  observers  maintain  that 
it  too  disappears  and  is  re-formed  again  from  the  nucleus 
when  the  new  cell  is  ready  itself  to  divide,  others  insist 
that  it  remains  in  the  cell  to  start  the  new  division. 

It  is  to  be  noticed  that  the  precise  order  in  which  these 
complicated  events  happen  is  not  yet  known  with  cer- 
tainty, nor,  indeed,  whether  the  order  is  always  the  same. 
At  one  time  it  was  thought  that  cell-division  began  with 
the  division  of  the  protoplasm,  and  that  the  nucleus 
merely  followed  the  division  of  the  whole.  A  later  and 
more  generally  received  view  was  that  the  nucleus  started 
the  process,  and  that  the  comparatively  inert  proto- 
plasm merely  followed  the  division  of  the  nucleus.  Since 
the  division  of  the  centrosome  has  been  noticed,  many 
observations  suggest  that  this  may  be  the  organ  of  the  cell 
which  starts  and  directs  division.     But  at  present  we 
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must  rest  content  with  knowledge  of  the  general  out- 
lines of  karyokinesis  and  await  further  investigation 
before  deciding  definitely  upon  any  explanatory  theory 
of  what  happens. 

In  Fig.  32  are  represented  the  appearances  of  the 
nucleus  at  the  various  stages  of  karyokinesis.  In  I.  the 
nucleus  of  the  cell  in  its  resting  condition  is  shown.  The 
chromatin  is  not  separated  into  chromosomes,  but  appears 
as  a  coiled  band,  coloured  black  in  the  drawing.  The 
band  of  chromatin  then  acquires  a  sharper  contour  due 
to  the  absorption  of  material  from  the  plasm  of  the 
nucleus.  In  II.  it  has  divided  into  a  definite  number  of 
chromosomes,  eight  in  this  case.  In  III.  each  of  the 
chromosomes  has  split  longitudinally,  so  that  now  there 
are  si.xteen,  arranged  in  pairs.  At  this  period  the  nuclear 
membrane  disappears,  and  the  centrosome,  although  it 
may  have  been  present  before,  comes  into  evidence.  In 
IV.  it  is  to  be  noticed  first,  that  the  nuclear  membrane  is 
broken  ;  next  that  the  pairs  of  chromosomes  have  taken 
up  a  regularly  arranged  position  round  the  nucleus,  with 
the  free  ends  projecting  outwards  and  the  sharply  bent 
central  portions  turned  towards  the  centre  of  the  cell. 
The  centrosome  (c)  has  divided  in  two  (c.c)  and,  round  each, 
radiating  lines  of  granules  appear,  while  between  them  a  set 
of  delicate  straight  threads  are  visible.  The  two  centro- 
somes  separate,  and  move  to  opposite  poles  of  the  cell 
while  the  threads  between  them  elongate  to  form  a  regular 
spindle  of  colourless  fibres.  In  the  first  set  of  figures 
we  have  been  looking  down  on  the  nucleus  from  one  of 
the  poles  to  which  a  centrosome  afterwards  goes.  In  the 
other  figures,  we  arc  looking  from  the  side  so  that  both 
poles  are  visible,  and  for  the  sake  of  simplicity  the  nucleus 
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is  represented  as  not  transparent  and  as  showing  therefore 
only  four  pairs  of  chromosomes.  In  V.  the  centrosomes 
with  their  radiating  hnes  of  granules  may  now  be  called 
directive  spheres  ;  they  have  moved  to  the  two  poles,  and 
between  them  the  spindle  stretches.  Projecting  out 
from  its  equator  are  the  four  visible  pairs  of  chromo- 
somes ;  the  other  four  would  lie  similarly  disposed  on  the 
other  side  of  the  figure.  In  VI.  a  chromosome  of  each 
pair  is  moving,  as  if  it  were  being  pulled  up  by  the  point, 
towards  the  centrosome  at  the  pole.  In  VII.  this  has 
gone  on  so  far  that  the  individuals  of  each  pair  of  chromo- 
somes are  quite  separate.  At  this  stage  the  division  of 
the  cell  body,  which  is  not  represented  in  the  drawings, 
begins,  and  the  other  structures  begin  to  dwindle.  In 
VIII.  the  chromosomes  have  reached  the  poles  ;  immedi- 
ately afterwards  the  centrosomes  and  the  spindle  begin  to 
disappear.  In  IX.  these  have  gone,  the  chromosomes  at 
each  end  are  assuming  the  resting  position,  the  nuclear 
wall  is  re-formed  and  is  growing  in  between  the  two 
nuclei. 

In  most  cases  karyokinesis  takes  place  in  some  such 
way  as  has  just  been  described.  Sometimes,  however,  the 
chromosomes  do  not  divide  in  two,  but  one-half  of  the 
number  moves  to  each  pole.  This  may  be  called  a 
reducing  division,  for  if  the  original  cell  contained  eight 
chromosomes,  each  daughter  cell  would  contain  only 
four  ;  whereas  in  the  ordinary  method  as  each  chromo- 
some divides  in  two,  there  are  the  same  number  in  each 
daughter  cell  as  there  were  in  the  cell  before  division. 

One  further  point  must  be  noticed.  There  are  two 
classes  of  cell-division  which  must  be  distinguished  by 
their  results.    When  a  tissue-cell  divides,  the  results  of 
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the  division  are  similar  in  appearance  and  function,  each 
daughter  cell  being  a  tissue-cell  exactly  like  the  original 
parent  cell.  But  in  the  development  of  an  animal  from 
the  egg  to  the  adult,  as  the  tissues  arise  and  separate  off" 
from  each  other,  cell-divisions  must  occur  in  which  the 
daughter  cells  do  not  become  alike.  However,  so  far  as 
observation  goes,  there  are  not  two  methods  of  karyoki- 
nesis  to  account  for  this.  If  we  judge  merely  by  the 
nature  of  the  process  of  cell-division  that  occurs  while 
the  animal  body  is  being  built  up,  every  cell,  how- 
ever different  its  structure  and  function 
come  to  be,  receives  ^vhat  is  to  all  appear- 
ance an  equal  and  similar  share  of 
nuclear  matter. 
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HE  whole  animal  kingdom  is  divided  into  two  great 


A  groups.  The  first  of  these  is  called  the  Protozoa. 
To  it  belong  Amoeba  and  Vorticclla  and  all  animals  the 
bodies  of  which  consist  of  a  single  cell.  Occasionally 
among  Protozoa,  when  rej^roduction  takes  place  the 
new  individuals  do  not  separate  from  each  other,  but 
build  up  a  colonial  form.  Such  colonies  of  Protozoa  may 
consist  of  a  definite  number  of  individuals  :  the  whole 
colony  may  have  a  definite  shaj^e  and  in  sbme  few  cases 
even  all  the  individuals  may  not  be  exactly  alike.  But  it 
never  happens  that  the  individual  cells  of  a  colony  are 
arranged  and  specialised  so  as  to  form  tissues  and  organs. 
All  animals  with  bodies  composed  of  cells  arranged  in 
definite  layers  and  tissues  which  serve  a  special  purpose 
in  the  economy  of  the  whole  animal,  belong  to  the  second 
and  higher  division  of  the  animal  kingdom  and  are  called 
Metazoa.  After  the  examination  of  one  metazoon  we  shall 
extend  and  make  more  definite  our  idea  of  the  nature  of 
this  group  and  of  its  points  of  contrast  with  the  Protozoa. 

The  first  metazoon  that  we  shall  examine  is  a  small 
fresh -Avater  animal  called  Hydra.  Three  species  of  it  are 
not  uncommon  in  the  ponds  and  ditches  of  this  country. 
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The  largest  specimens  are,  when  fully  extended,  about 
three-quarters  of  an  inch  long  ;  the  smallest  are  easily 
visible  to  the  naked  eye.  Hydra  vii'idis^  the  green 
hydra,  owes  its  colour  to  the  presence  of  a  large  number 
of  chloroph}'!!  bodies  in  the  inner  layer  of  its  body-wall. 
Hydra  fiisca  is  brown  or  yellow  and  Hydra  vulgaris  is 
nearly  colourless.  Apart  from  these  colour  differences 
the  species  are  very  si- 
milar, and  any  one  will 
serve  equally  for  ex- 
amination. The  speci- 
mens should  be  examined 
in  the  living  condition, 
in  a  watch-glass  contain- 
ing water  placed  under 
the  low  power  of  a 
microscope.  They  con- 
sist of  a  cylindrical  body 
attached  to  a  piece  of 
weed  or  to  the  side  of 
the  glass  at  one  end.  At 
the  other  end  there  is  a 
circle  of  from  six  to  ten 
long  slender  thread-like 
processes  (Fig.  33).  These  are  the  tentacles,  and  they 
surround  a  small  rounded  elevation  called  the  hypostome, 
at  the  free  end  of  the  cylindrical  body,  with  a  circular 
opening,  the  mouth  at  its  summit.  The  whole  body  is 
exceedingly  contractile.  A  slight  touch  with  a  needle 
will  make  a  fully  extended  specimen  contract  almost  at 
once  to  a  little  lump  with  the  tentacles  as  thick  knobs. 
By  careful  manipulation  with  needles  or  with  a  camel's 
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Fig.  33. — Hydra  vtilgaiis  in  ex- 
IDanded  condition ;  to  the  left  is  a 
young  Hydra  which  has  budded  out 
from  the  larger  specimen ;  to  the 
right  is  a  young  bud. 
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hair  brush,  a  specimen  may  be  detached  from  its  support. 
When  it  has  recovered  from  the  shock,  it  may  be  seen 
creeping  along  the  bottom  of  the  glass  supported  by  its 
tentacles  and  carrying  tippermost  the  pedal  disc  by  which 
it  was  attached.  Or  it  may  creep  by  a  series  of  loop- 
ing movements,  fixing  itself  by  the  pedal  disc  and  stretch- 
ing out  the  body  so  that  the  tentacles  may  attach 
themselves  to  a  point  some  ' distance  off,  when  the  pedal 
disc  loosens  its  hold  and  by  contraction  of  the  body  is 
pulled  to  a  fresh  place  for  attachment,  nearer  the 
tentacles.  Such  movements  are,  however,  of  infrequent 
occurrence  if  the  Hydra  be  undisturbed. 

The  water  in  which  Hydra  is  found  contains  a  number 
of  small  water  fleas,  and  if  some  of  these  be  placed 
in  the  watch-glass  with  it,  before  long  one  of  them  is 
certain  to  swim  up  against  a  tentacle.  When  this  happens 
the  motions  of  the  flea  are  suddenly  arrested  :  it  has  been 
not  only  caught  but  paralysed  by  some  poison,  and  the 
Hydra,  by  bending  the  tentacle,  draws  it  in  towards  the 
mouth  and,  sometimes  with  the  aid  of  other  tentacles, 
pushes  it  through  the  mouth  into  the  central  cavity.  If 
Hydra  be  watched  for  some  time,  it  may  be  seen  to  dis- 
charge from  the  mouth  parts  of  the  shell  and  other  debris^ 
the  indigestible  remains  of  similar  fleas  it  has  captured 
before.    Thus  the  mouth  serves  also  as  an  anus. 

To  study  Hydra  more  fully,  a  single  specimen  should 
be  removed  to  a  slide  in  a  small  drop  of  water  and  covered 
with  a  glass-slip.  Care  should  be  taken  not  to  let  the 
slip  drop  too  suddenly  upon  the  animal  as  its  delicate 
structure  is  easily  broken  up  and  destroyed.  If  the 
Hydra  is  not  sufficiently  compressed,  some  of  the  water 
may  be  removed  by  a  piece  of  blotting  paper  applied 
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between  the  edge  of  the  cover-shp  and  the  glass.  When 
this  has  been  done,  observation  with  a  higher  power  is 
possible.  If  the  specimen  be  a  green  or  a  brown  Hydra, 
it  will  be  at  once  apparent  that  the  body  and  the  tentacles 
are  composed  of  two  layers.  The  outer  layer  is  thinner 
and  is  quite  colourless  and  transparent  :  the  inner  layer 
is  deeply  coloured  by  small  granules,  which  in  the  case 
of  the  green  Hydra  are  chlorophyll-containing  bodies,  and 
in  the  brown  Hydra  are  granules  coloured  by  a  substance 
closely  allied  to  chlorophyll.  The  central  region  of  the 
body  is  a  cylindrical  cavity,  and  into  this  cavity,  which  is 
called  the  enteron,  the  mouth  opens.  In  a  living  speci- 
men the  enteron  appears  as  a  darker  region  in  which 
occasionally  the  bodies  of  captured  water  fleas  may  be 
seen.  Each  tentacle  is  hollow,  but,  in  the  living  con- 
dition, it  is  almost  impossible  to  see  either  the  hollow  or 
its  opening  to  the  enteron.  In  this  condition  it  is  easy  to 
see  that  the  outer  surface  of  the  tentacles  is  studded  with 
little  knobs.  Here  and  there  upon  the  knobs  delicate 
projecting  bristles  may  be  seen,  and  if  the  Hydra  has  been 
irritated,  exceedingly  long  pointed  threads  may  be  seen 
protruding.  These  threads  are  the  poisoned  lassoes  by 
which  Hydra  catches  and  paralyses  its  prey.  They  are 
too  delicate  to  pierce  the  human  skin  :  but  in  some 
tropical  sea-anemones  and  in  jelly-fish  of  our  own  coasts 
such  nettle-cells  or  nematocysts  are  present,  and  are 
strong  enough  to  cause  considerable  pain,  and  sometimes 
poisonous  enough  to  produce  disagreeable  eflFects  if  the 
naked  skin  of  man  come  in  contact  with  them.  In  Hydra 
the  nettle  cells  are  most  numerous  on  the  tentacles,  but 
they  occur  also  on  the  whole  outer  surface  of  the  body. 
By  focussing  carefully  they  may  be  seen  as  small  oval 
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bodies,  rather  more  pointed  at  the  outer  end  and  of  a 
greenish  yellow  colour.  Some  of  them  lie  close  to  the 
surface,  and  in  these  a  small  bristle,  the  trigger-hair,  or 
cnidocil,  protrudes  beyond  the  surface  of  the  animal. 
When  this  is  touched  by  an  external  object,  the  lasso  is 
shot  out  with  great  force.  Before  it  has  been  discharged 
it  lies  coiled  up  within  the  nematocyst,  and  with  an 
ordinary  student's  microscope  at  least  the  beginning  of 
the  coil  may  be  seen.    Fig.  34  represent  very  greatly 

magnified  views  of  nematocysts 
isolated  by  pressure  upon  the 
cover-slip  from  the  general 
surface  of  the  body.  An  un- 
discharged cell  consists  of  a 
large  rounded  cell  with  pro- 
toplasm, a  nucleus,  and  the 
protruding  trigger-hair.  Em- 
bedded in  the  protoplasm  is 
the  lasso.  It  consists  of  an 
elongated  tough  sac,  one  end 
of  which  is  tucked  into  the 
larger  end,  like  the  finger  of  a 
glove  turned  outside  in.  The 
point  of  this  infolded  part  is  continued  into  a  long, 
very  delicate  thread,  which  also  is  hollow.  The  whole 
space  between  the  wall  of  the  sac  and  the  inturned 
part  and  the  thread  is  occupied  by  a  fluid  under  con- 
siderable pressure.  When  any  additional  pressure  from 
the  outside  is  brought  to  bear  on  the  sac  the  apparatus 
suddenly  goes  off :  the  inturned  part  of  the  sac  is  first 
turned,  or  forced  out,  and  then  the  long  thread  follows 
it,  both  being  turned  inside  out  in  the  process.  The 


Fig.  34. — To  the  left  is  an 
enlarged  diagrammatic  view  of 
an  undischarged  Nematocyst 
embedded  in  a  nucleated  cell. 
To  the  right  is  a  discharged 
nematocyst. 
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second  drawing  shows  a  nematocyst  shot  out  in  this 
way.  It  has  barbs  at  the  root  of  the  thread,  an  addition 
that  is  not  present  in  all  the  nematocysts  of  hydra.  A 
thread-cell  once  discharged  cannot  be  used  again.  There 
are,  therefore,  a  considerable  crop  of  them  always  growing, 
and  smaller  partly-formed  thread-cells  may  be  seen  in 
the  inner  part  of  the  outer  layer  of  the  body.  Processes 
from  the  nerve-cells  have  been  traced  into  the  protoplasm 
surrounding  the  lasso.  The  discharge  of  the  lasso  is 
caused  by  contraction  of  this  protoplasm  tmder  the  in- 
fluence of  a  nervous  excitation. 

Among  the  specimens  of  Hydra  collected  at  any  time, 
some  are  likely  to  exhibit  the  results  of  multiplication 
by  budding.  In  summer,  while  food  is  abundant  and 
the  weather  warm,  tiny  hollow  buds  grow  out  from  any 
region  of  the  wall.  The  hollow  of  the  buds  is  continuous 
with  the  enteron  at  first,  although  when  the  bud  has 
grown  longer  this  connection  ceases.  At  the  other  end 
of  the  bud  a  mouth-opening  appears  and  the  circle  of 
tentacles  grows  out  (Fig.  33).  Sometimes  on  the  same 
hydra  several  buds  may  be  seen,  and  even  on  these  buds 
other  buds  may  grow  out,  so  that  the  whole  forms  a 
branching,  compound  animal  made  up  of  many  individuals. 
Each  of  these,  however,  is  practically  a  separate  animal, 
and  may  break  ofi"  or  be  removed  artificially  and  live  an 
independent  life. 

If  the  specimens  be  collected  from  ponds  towards  the 
end  of  summer,  or  if  they  be  kept  in  captivity  and  starved 
for  a  few  days,  sexual  reproduction  occurs.  In  some  in- 
dividuals, on  the  body-wall  near  the  base  of  the  tentacles 
one  or  two  small  lumps  appear.  These  are  the  testes, 
or  male  reproductive  organs,  and  from  them  the  sperma- 
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tozoa,  or  male  sexual  cells,  are  shed  into  the  water.  The 
same  specimen  of  Hydra  may  produce  the  female  sexual 
organ,  but  this  hardly  ever  is  to  be  seen  on  a  Hydra  at 
the  same  time  as  it  produces  the  testes.  As  we  know 
from  observation  of  higher  animals,  one  of  the  advantages 
of  sexual  reproduction  is  that  the  progeny  are  more  hardy 
when  the  parents  are  not  closely  related.  In  Hydra  and 
in  other  animals  in  which  the  same  individual  produces 
both  male  and  female  organs,  the  benefits  of  crossing 
would  probably  be  missed  if  the  female  cell  was  ripe  at 
the  same  time  as  male  cells  were  being  discharged  near 
it  from  the  same  animal,  and  in  correspondence  with  this 
it  is  seldom  the  case  that  one  individual  has  the  organs 
of  both  sexes  at  the  same  time. 

The  female  organ  or  ovary  of  Hydra  is  always  single, 
and  is  produced  from  the  body-wall  much  lower  down 
than  the  testes  (Fig.  36).  As  a  rule  it  contains  only  one 
egg,  and  is  a  large  and  conspicuous  organ.  The  ovary 
at  first  consists  of  a  mass  of  tiny  cells.  But  one  of  these 
sends  out  pseudopodia  among  the  rest,  and  gradually  eats 
them  up  until  it  becomes  very  large.  In  this  condition 
it  appears  like  a  huge  amoeba  (Fig.  35),  and  contains 
embedded  in  the  protoplasm  a  number  of  small  yolk 
granules,  which  are  reserve  stores  of  proteid  matter 
formed  by  its  protoplasm.  When  fully  grown  the 
pseudopodia  are  Avithdrawn,  and  the  egg-cell  is  spheri- 
cal. As  it  has  been  eating  up  the  small  cells  which  lay 
around  it,  a  part  of  its  surface  is  bare  and  protrudes  bevond 
the  surface  of  the  hydra.  The  male  cells,  or  spermatozoa, 
which  were  discharged  into  the  water,  each  consist  of  a 
nucleus  and  a  small  body  of  protoplasm,  the  most  of 
which  projects  behind  the  nucleus  as  a  long  tail. 
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By  the  vibrations  of  these  tails  the  spermatozoa  are 
driven  through  the  water.    If  one  of  them  reaches  the 
exposed  surface  of  the  egg  on  a  Hydra  it  conjugates  with 
that.    The  tail  drops  off,  while  the  head,  or  nucleus,  and 
a  small  fragment  of  protoplasm  enters  the  egg-cell.  The 
incoming   spermatozoon-nucleus   then   fuses  with  the 
nucleus  of  the  egg-cell  and  impregnation  is  complete. 
Soon   afterwards   the  impregnated 
jegg-cell  begins  to  divide.    From  the 
resulting  cells  a  cap  or  wall  of  cells, 
each  with  thick  cell-walls,  is  formed. 
The  egg  so  protected  falls  out  of  ' 
the  Hydra,  and  sinks  to  the  mud  at  ' 
the  bottom  of  the  pool.     In  this 
condition    it    remains  throughout 
winter.    In  spring,  when  the  water 
is  warmer,  it  develops  into  a  new 
Hydra  in  a  way  that  will  occupy  our 
attention  later  on. 

Further  study  of  Hydra  is  best 
made  by  the  examination  of  exces- 
sively thin  slices.  As  the  prepara- 
tion of  these  is  a  matter  requiring  pcaring  as  white  spots 


Fig.  35. — Ovum  of 
Hydra  with  pseudo|  o- 
dia,  nucleus,  and  yolk- 
spheres  ;  the  latter  ap- 


of 


great  practice,  the  elementary  stu-  I'^Z-.^,:,. 
dent  should  content  himself  with 

the  study  of  sections  already  prepared.  Of  these  there 
should  be  examined  a  longitudinal  section  (Fig.  36) 
and  a  transverse  section  more  highly  magnified  and 
taken  through  the  cylindrical  body  (Fig.  37).  The 
longitudinal  section  is  a  thin  slice  cut  lengthwise  out 
of  the  centre  of  the  whole  animal.  It  passes  through 
two  tentacles,  through  the  hypostome  and  mouth,  and 
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through  the  enteron  and  the  body-wall.  It  may  be 
seen  at  once  that  the  whole  animal  consists  of  a  hollow 
sac  surrounded  by  two  layers  of  cells.  Of  these  the 
outer  layer,  or  ectoderm,  is  thinner,  and  in  its  cells 


Fig.  36. — Hydia:  diagrammatic  longitudinal  section  passing 
through  two  tentacles,  the  mouth  and  an  ovary,  0.  E.  The 
enteron  or  primitive  digestive  cavity  continuous  with  the  tentacle 
cavities  and  opening  to  the  exterior  by  the  mouth.  The  body-wall 
consists  of  two  layers  separated  by  the  mesogloea,  here  shown  as  a 
white  line. 

are  contained  numerous  thread-cells.  The  inner  layer, 
or  endoderm,  is  thicker,  and  its  cells,  where  they  line  the 
enteron,  have  irregular  surfaces,  from  which  cilia  and 
pseudopodia  project  into  the  enteric  cavity.    In  these,  in 
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Hydra  viridis^  are  to  be  seen  embedded  numerous  chloro- 
phyll corpuscles,  and  thus  the  endoderm  is  very  clearly 
marked  oflF  from  the  ectoderm.  But  in  all  Hydras  it  may 
be  seen  that  between  the  two  layers  is  a  narrow  band  of 
a  fibrous  nature.  This  is  composed,  not  of  cells,  but  of  a 
gelatinous  secretion,  into  which  fibres  from  the  cells  of 
both  the  ectoderm  and  the  endoderm  run.    It  is  termed 


Fk;.  37. — Hydra:  part  of  a  transverse  section  much  magnified. 
EC.  Ectoderm  willi  protective  cells,  muscle  cells,  nematocysts  and  in- 
terstitial-cells. M.  Mesoglcea.  EN.  Endoderm  :  each  cell  has  a  large 
nucleus  and  a  vacuole,  and  either  pseudojDodia  or  fiagella  projecting  into 
the  cavity  of  the  enteron.  They  also  contain  numerous  small  chlorophyll 
bodies.  The  shaded  area  in  the  small  circle  at  II.  shows  the  part  of 
the  transverse  section  taken. 

the  mesoglcea,  or  supporting  lamella,  and  is  a  skeletal 
structure  of  little  importance  in  hydra. 

In  the  more  magnified  transver.se  section  the  structures 
present  are  more  plainly  represented  (Fig.  37).  The 
ectoderm  consists  of  several  kinds  of  cells.  There  are  (i) 
covering  cells,  the  surface  of  which  is  exposed,  and  the 
more  contracted  bases  of  which  reach  the  supporting 
lamina  ;  partly  in  these  and  partly  between  them  are 
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placed  the  fully  formed  thread-cells  ;  in  the  angular 
spaces  between  the  contracted  bases  of  these  covering 
cells  are  placed  (2)  the  interstitial  cells,  which  are  small 
and  irregular  ;  they  give  rise  to  the  cell  masses  which 
form  the  testes  and  the  ovary,  and  among  them  are 
numerous  young  thread-cells  ;  (3)  large  ganglion  or 
nerve-cells,  which  do  not  reach  the  outer  surface  ;  each 
possesses  a  large  nucleus  and  numerous  branching  proto- 
plasmic processes,  but  cannot  be  seen  except  in  macerated 
preparations  ;  these  are  in  conection  with  the  thread- 
cells,  in  some  cases  with  the  muscle-cells,  presently  to  be 
described,  and  with  each  other ;  (4)  the  epithelial  muscle- 
cells  are  narrow  cells,  of  which  the  surface  is  exposed  on 
the  outer  side  of  the  animal :  the  bases  reach  the  support- 
ing lamella,  and  are  extended  as  long  fibres  closely  applied 
to  that  lamella.  These  fibres  thus  come  to  form  a  thin 
layer  immediately  exterior  to  the  supporting  lamella ;  (5) 
at  the  pedal  disc  there  are  some  large  cells  with  clear 
contents  which  form  a  sticky  secretion  by  which  the 
animal  clings  to  the  surface  to  which  it  is  applied. 

The  endoderm  cells  are  very  large,  except  in  the  region 
of  the  hypostome,  where  they  form  granular  secreting 
cells.  Those  lining  the  greater  part  of  the  enteron 
possess  large  vacuoles  :  they  may  have  two  or  three  long 
cilia  or  flagella,  or  they  may  have  active  pseudopodia. 
Within  them  are  to  be  seen  food  vacuoles,  containing 
particles  of  food  material  taken  from  the  enteron  by  the 
pseudopodia  and  the  chlorophyll  bodies. 

Even  in  sections,  the  cells  are  so  closely  packed  to- 
gether that  it  is  impossible  to  see  all  the  details  of  their 
structure.  For  this  purpose  a  living  specimen  should  be 
placed  in  water  containing  a  drop  of  acetic  acid  and  a 
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drop  of  osmic  acid,  and  after  a  few  minutes  removed 
for  several  hours  to  a  0.2  per  cent,  solution  of  acetic  acid 
in  water.  After  this  the  specimen  should  be  stained  with 
picrocarmine  solution.  This  course  has  the  effect  of 
hardening  the  cells  and  of  rendering  them  easy  to  sepa- 
rate from  each  other.  Small  pieces  of  the  Hydra  should 
be  placed  on  a  slide  in  a  drop  of  50  per  cent,  glycerine 
and  teased  with  needles.  A  few  sharp  taps  with  the 
point  of  a  needle  on  the  top  of  the  cover-slip  will  assist 
the  process  of  separation,  and  it  will  be  found  that  many 
of  the  cells  are  completely  isolated  or  adhere  in  little 
groups,  so  that  with  trouble  the  different  kinds  of  cells 
may  be  picked  out. 

Let  us  now  consider  Hydra  as  a  living  organism.  In 
the  first  place,  it  is  composed  of  many  cells  of  different 
kinds,  and  these  are  arranged  in  a  definite  way,  so  that 
the  body  consists  of  a  hollow  sac,  the  walls  of  which  are 
composed  of  two  distinct  layers.  The  cells,  however,  are 
not,  as  in  plants,  surrounded  and  separated  from  each 
other  by  cell-walls.  In  the  living  condition  it  is  only  in 
a  few  cases  that  the  cell  outlines  are  visible  :  but  when 
the  protoplasm  has  been  set  and  slightly  shrunk  by  the 
action  of  reagents,  the  limits  of  the  individual  cells 
become  apparent.  The  whole  animal  forms  a  mass  of  pro- 
toplasm so  continuous  that,  without  the  aid  of  the  blood- 
vessels and  nerves  of  higher  animals,  every  part  is  in 
organic  connection  with  every  other  part,  and  the  cha- 
racters of  the  whole  Hydra  are  a  result  of  the  combination 
of  the  cells.  In  the  case  of  a  colony  of  Protozoa,  some  of 
the  cells  may  be  injured  or  influenced  without  the  influence 
being  transferred  to  the  whole  colony,  and  certainly  with- 
out the  cells  of  the  colony,  by  their  combined  action. 
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responding  to  the  stimulus.  If  a  water  flea  come  in  con- 
tact with  the  tentacle  of  a  Hydra,  the  muscle-cells  of  that 
tentacle  begin  to  contract,  so  that  the  prey  is  drawn  down 
towards  the  mouth.  But  other  tentacles  may  also  con- 
tract in  such  a  definite  way  that  they  assist  in  the  process 
of  swallowing.  Again,  if  the  tentacles,  or  one  of  them, 
be  touched  with  a  foreign  object,  as,  for  instance,  a  needle, 
the  whole  Hydra  suddenly  contracts,  and  this  is  the  result 
of  the  contractions  of  the  muscle-cells  all  down  the  ten- 
tacles and  body.  When  the  animal  creeps  about,  the 
motion  is  due  to  the  concerted  action  of  many  separate 
muscle-cells  contracting  at  the  same  time  in  different 
ways.  In  higher  animals  such  co-ordination  is  effected, 
or  at  least  assisted,  by  definite  chains  of  nerve-cells  and 
nerve-fibres  connected  with  each  other  and  with  muscles 
and  sense-organs.  It  is  almost  certain  that  in  Hydra  the 
nervous  cells  are  not  arranged  with  sufficient  definiteness 
and  regularity  to  be  the  chief  agent.  Most  probably  they 
are  chiefly  of  local  use  and  act  in  concert  with  the 
thread-cells.  But  the  combination  of  all  the  cells  to 
form  an  individual  is  seen  clearly  in  other  functions, 
where  the  nerve-cells  certainly  do  not  come  into  special 
operation. 

All  the  cells  of  the  body  require  nutritive  material. 
But  the  functions  of  digestion  are  performed  only  by  the 
endoderm  cells  for  the  whole  organism.  When  food  is 
taken  into  the  enteron,  digestive  juices  are  poured  on  it 
from  some  of  the  endoderm  cells,  chiefly  perhaps  from 
the  granular  cells  lining  the  hypostome.  The  other 
endoderm  cells  ingest  the  food  particles  in  the  enteron, 
and  hand  on  nutritive  materials  to  the  ectoderm  cells. 
Again,  the  function  of  sexual  reproduction  is  under- 
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taken  for  the  whole  Hydra  by  the  few  cells  that  form  the 
ovary  and  the  testis  ;  but,  however  independent  these 
may  appear,  their  formation  is  stimulated  by  starvation  of 
the  whole  organism.  The  extent  to  which  the  indi- 
viduality of  the  whole  organism  is  stamped  upon  the 
separate  cells  is  seen  in  budding.  The  bud  is  formed  by 
a  projection  containing  endoderm,  mesogloea,  and  ecto- 
derm ;  but  it  may  grow  out  from  any  part  of  the  column, 
and  yet  ultimately  will  reproduce  the  tentacles,  the  pedal 
disc,  and  the  whole  organism.  Similarly,  when  a  Hydra 
is  cut  across,  from  the  cut  end  of  the  upper  half,  the 
lower  part  of  a  new  Hydra  grows  out,  while  from  the  cut 
end  of  the  lower  half  the  cells  required  to  complete  the 
upper  half  grow  out. 

It  is  this  co-operation  of  all  the  cells,  this  co-ordination 
by  which  the  cells  lose  their  own  individuality  in  the  new 
individuality  of  the  whole  animal,  that  is  the  great  dis- 
tinction between  the  Protozoa  and  the  Metazoa.  In 
higher  forms  of  Metazoa,  much  of  the  interaction  of  the 
parts  of  the  whole  organism  depends  upon  the  existence 
of  organs  and  systems  common  to  the  different  parts — 
as,  for  instance,  the  nerves  and  the  blood-vessels.  But 
even  in  such  higher  animals  there  are  many  relations 
between  the  cells  and  organs  which  cannot  be  explained 
by  the  existence  of  sets  of  connecting  organs  ;  and  it  is  of 
importance  to  remember  that,  beginning  with  the  simplest 
Metazoa,  the  cells  and  organs  are  living,  co-operating  parts 
of  a  living  whole. 

As  we  have  seen,  the  food  is  of  the  kind  that,  in 
a  previous  chapter,  we  found  to  be  characteristic  of 
animals.  When  green  algae  or  chlorophyll  bodies  are 
present  in  the  endoderm  cells,  these  no  doubt  contribute 
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to  the  food  supply  of  their  host,  as  they,  like  all  chloro- 
phyll bodies,  cause  the  elaboration  of  starch  from  carbonic 
acid  and  water,  and  the  oxygen  liberated  in  the  process 
may  serve  the  purposes  of  the  Hydra  cells.  If  these 
bodies  are  separate  plants  living  in  Hydra,  they  are  to  be 
regarded,  not  as  parasites,  but  as  instances  of  the  associa- 
tion of  different  cells  for  the  advantage  of  each.  This 
kind  of  association  is  named  symbiosis.  In  parasitism 
the  parasites  live  at  the  expense  of  their  hosts  ;  in  sym- 
biosis both  the  host  and  the  guest  derive  advantage  from 
the  association.  In  this  case  the  plant  cells  are  protected 
by  their  position  within  the  Hydra,  and  the  animal  cells 
get  both  oxygen  and  starchy  food  from  the  plants. 

Apart  from  such  a  special  source  of  oxygen,  the  cells 
of  Hydra  obtain  their  supply  of  oxygen  from  air  dissolved 
in  the  water.  Most  probably  each  cell  takes  in  its  own 
supply  and  in  turn  discharges  carbonic  acid.  In  the  same 
way  it  is  probable  that  each  cell  directly  discharges  its 
own  waste  products  into  the  water,  although  contractile 
vacuoles  have  not  been  observed. 

We  have  yet  to  consider  the  development  of  a  new 
Hydra  from  the  fertilised  egg-cell  (Fig.  38).  While  it 
still  remains  in  the  tissues  of  the  mother,  the  egg-cell 
divides  in  two  ;  then  each  of  these  again  divides,  and  after 
a  number  of  divisions  a  little  hollow  sphere  of  cells 
termed  the  blastula  is  formed.  The  wall  of  the  blastula 
at  first  consists  of  one  layer  of  cells,  but  by  the  division 
of  these  cells  an  outer  layer  is  produced.  These  have 
thick  walls,  and  form  a  protective  coat  surrounding  the 
egg  when  it  drops  from  the  ectoderm  of  the  parent  into 
the  mud.  The  inner  layer,  which  is  the  real  embryo,  is 
not  perfectly  regular.    The  cells  at  one  end  are  larger  and 
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contain  more  yolk  particles.  When  the  further  develop- 
ment takes  place,  the  cells  with  the  larger  supply  of  food 
yolk  multiply  rapidly,  and  the  cells  so  formed  from  them 
get  pushed  into  the  hollow  of  the  blastula.  When  this 
has  taken  place  the  outer  protective  coat  ruptures,  and 
the  young  larva  is  liberated.  By  rapid  division  of  all  the 
cells  it  grows  larger,  and  the  cells  in  the  middle,  instead 
of  occupying  all  the  space,  become  arranged  round  a  central 


Fig.  38. — Diagram  of  development  of  j^^/rrt.  1.  Egg-cell  fertilised 
and  ready  to  divide.     2.  Division  into  two.     3.  Division  into  four. 

4.  Division  into  mulberry  mass  of  which  the  lower  cells  are  larger. 

5.  Section  through  blastosphere.  6.  Formation  of  protective  case. 
7.  Section  through  later  stage  ;  the  embryo  lies  within  the  case  which 
no  longer  shows  its  cellular  structure  ;  the  larger  cells  at  the  lower  end 
have  multiplied  rapidly  and  fill  the  interior.  8.  The  inner  cells  are 
arranged  in  a  single  layer  so  that  the  embryo  is  a  two-walled  hollow 
mass. 

cavity — the  enteron  :  the  cells  which  migrated  inwards 
from  one  pole  form  the  endoderm,  and  the  outer  layer  is 
the  beginning  of  the  ectoderm.  The  embryo  grows 
longer.  A  gelatinous  layer,  the  mesoglcEa,  is  deposited 
between  ectoderm  and  endoderm.  A  mouth  aperture 
breaks  through  at  one  end,  and  round  this  the  tentacles 
grow  out  as  little  buds.  While  these  changes  in  shape 
take  place,  the  cells,  at  first  all  much  alike,  become 
specialised  into  the  adult  condition. 
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Let  us  now  sum  up  what  we  have  learned  with  regard 
to  the  classification  of  the  animal  kingdom. 

It  is  divided  into  two  great  groups,  the  Protozoa  and 
the  Metazoa. 

The  group  Protozoa  consists  of  all  animals 
which  throughout  their  lives  are  single 
cells,  or  which,  if  by  cell  division  the}'^ 
form  colonies,  do  not  have  the  cells  of 
the  colony  arranged  and  specialised  to 
form  definite  tissues. 

The  group  Metazoa  consists  of  all  multi- 
cellular animals  which  have  the  following 
characters  : — 

1.  The  cells  are  specialised  and  arranged 
to  form  definite  tissues.  Among  these,  except 
in  the  case  of  a  few  degenerate  animals,  there  alwa3's  are 
— (A)  An  outer  layer  or  ectoderm. 

(B)  An  inner  layer  or  endoderm  which  surrounds  an 
enteron  or  central  digestive  cavity. 

2.  The  individuality  of  the  separate 
cells  is  subordinated  to,  and  influenced 
by,  the  individuality  of  the  whole  animal. 

3.  Sexual  reproduction  always  occurs. 
There  may  be  a  series  of  generations  produced  asexually, 
as,  for  instance,  by  budding,  but  eventually  sexual  repro- 
duction sets  in.  This  takes  place  by  the  fusion  of  a  male 
cell  or  spermatozoon  with  a  female  cell  or  ovum  formed 
respectively  in  male  organs  or  testes  and  female  organs 
or  ovaries. 


CHAPTER  XIII 


THE  CASTRULA,  CCELENTERATA,  AND 
CCELOMATA 

S  the  Protozoa  are  all  small  animals,  and  most  of 


1\.  them  invisible  to  the  naked  eye,  it  is  plain  that  by 
far  the  majority  of  animals,  the  appearance  of  which  is 
familiar  to  us,  belong  to  the  Metazoa.  Among  the 
Metazoa,  for  instance,  are  man  himself  and  the  quad- 
rupeds, birds  and  reptiles,  frogs  and  fishes,  snails  and 
cuttle-fish,  insects  and  creatures  like  water-fleas  and 
crabs  and  lobsters,  worms  and  star-fish,  and  the  host  of 
soft,  gelatinous  animals  like  jelly-fish  and  sea-anemones, 
as  well  as  their  allies  with  hard  skeletons  such  as  corals. 
In  all  this  variety  of  animal  life  there  are  many  sets  of 
animals  which  naturally  fall  into  groups,  and  the  science 
of  zoology  occupies  itself  largely  with  the  investigation  of 
the  characters  of  these  groups,  and  with  the  relations 
between  them.  Just  as  the  whole  animal  kingdom  falls 
naturally  into  two  great  groups,  so  also  the  Metazoa 
themselves  belong  to  two  distinct  types,  Coelenterata  and 
Ccelomata.  To  the  simpler  or  loAver  of  these  Hydra,  and  a 
number  of  branched  forms  very  similar  to  it,  the  medusae 
or  jelly-fish,  and  the  sea-anemones  and  corals,  belong. 
These  differ  in   the   shape  and  size  of  the  body,  and 
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especially  in  the  shape  and  arrangement  of  the  enteron,  in 
the  number  and  arrangement  of  the  tentacles,  in  the  nature 
of  the  cells  and  the  tissues,  and  in  many  other  respects. 
But  all  of  them  are  united  by  one  great  character  ;  their 
bodies  consist  of  a  wall  made  up  of  ectoderm,  mesoglcea, 
and  endoderm,  and  this  surrounds  a  single  central  cavity 
— the  enteron.  As  the  mesogloea  or  middle  lamella  is 
not  composed  of  cells,  and  so  does  not  rank  as  a  special 
layer,  the  coelenterata  are  frequently  termed  Diploblastica, 
two-layered  animals.  The  typical  coelenterate  structure 
is  in  fact  a  little  hollow  sac  or  stomach  with  a  mouth  at 
one  end,  and  with  a  wall  composed  of  ectoderm  and 
endoderm.  No  animal  actually  so  simple  as  this  is 
known,  but  a  stage  like  this  occurs  in  the  development 
of  many  coelenterata  as  well  as  of  many  of  the  higher 
group,  the  coelomata,  and  it  is  probable  that  all  the 
coelomata  sprang  from  a  simple  ca^lenterate  such  as  this. 
Let  us  try  to  form  a  picture  of  such  a  free  living  stomach  or 
gastrula,  as  it  is  called,  and  of  the  changes  in  it  which  would 
lead  up  to  the  structure  of  higher  animals.  In  Fig.  39,  I., 
is  represented  a  gastrula  cut  through  the  middle  of  the 
mouth  and  down  through  the  middle  of  the  body,  so  as 
to  show  the  ectoderm  and  the  endoderm.  We  know  from 
study  of  existing  Ccelenterates  that  at  least  three  kinds 
of  cells  would  appear  in  the  ectoderm,  simple  protective 
cells  (II.  a),  nerve  cells  (II.  d),  and  muscle  cells  with  long 
contractile  muscle  fibres  (II.  c).  The  protective  cells 
remain  as  an  external  layer.  We  know  that  the  nerve 
cells  move  inwards  and  form  a  network  of  ganglion 
cells  underlying  the  external  layer,  while  the  muscle 
cells  move  still  further  in,  so  that  they  form  a  layer  of 
fibres  wrapping  round  the  gastrula  under  the  nervous 
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layer,  with  a  nucleus  on  each  fibre  to  represent  the 
original  cell  (Fig.  39,  III.).  The  nervous  layer  remains 
between  the  outer  cells  and  the  muscle  fibres,  and  so  is 
able  to  register  impressions  or  stimuli  received  from  out- 
side by  the  external  cells,  and  to  transmit  the  stimuli 
to  the  muscle  fibres  as  messages  to  contract.  In  some 
Coelenterates  a  similar 
set  of  nerve  cells  and 
muscle  cells  separate 
themselves  from  the 
endoderm  and  lie  as  in 
the  first  case  with  the 
muscle  fibres  nearest 
the  mesogloea.  Between 
the  two  layers  of 
muscle  fibres  formed 
in  this  way,  there  may 
be  a  small  or  large 
amount  of  mesogloea 
deposited. 

The  first  change  that 
we  may  suppose  to 
occur  in  such  a  gast- 
rula  is  a  considerable 
elongation  so  that  the 
mouth  lies  at  one  end 
of  a  long  oval  body.  Then  at  the  opposite  end  from 
the  mouth  an  aperture  into  the  enteron  appears.  The 
animal  is  now  an  elongated  cylinder  with  a  mouth 
at  one  end,  and  an  anus  at  the  other  (Fig.  39,  IV.), 
The  food  is  taken  in  by  the  mouth,  passed  into  the 
alimentary  canal,  or  enteron,  where  it  is  digested  and 


Fig.  39. — I.  Diagramllof  Gaslrula. 
E.  Enteron.  II.  and  I.  Enlarged 
diagram  of  ectoderm  cells,  a.  Protec- 
tive ;  I),  nervous  ;  c.  muscular  :  at  II. 
all  three  reach  the  outer  surface  ;  at  III. 
the  nerve  cells  have  migrated  inwards 
to  form  a  layer  under  the  protective 
cells,  and  the  muscle  cells  form  a  simi- 
lar layer  still  more  internal.  IV.  Dia- 
gram of  elongate  gastrula  with — M. 
mouth  ;  E.  enteron;  A.  anus. 
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absorbed  by  the  endoderm  cells,  while  the  indigestible 
debris  is  extruded  by  the  anus.  Such  an  animal  has 
now  an  anterior  and  a  posterior  end,  and  if  it  moved 
through  the  water,  one  would  expect  it  to  go  with  the 
mouth  end  first,  so  that  food  particles  coming  in  its  way 
might  be  swallowed. 

The  next  stage  of  importance  occurs  by  the  enormous 
thickening  of  the  mesogloea  so  that  the  endoderm  and 
ectoderm  lie  at  a  considerable  distance  from  each  other. 
Fig.  40,  I.,  represents  a  longitudinal,  and  40,  II,  a  trans- 
verse section  through  such  an  animal.  Both  ectoderm 
and  endoderm  are  broken  up  into  three  layers,  of  which 
the  inner  or  muscular  layer  lies  next  the  thick  mesogloea. 
In  some  living  Coelenterates  the  mesogloea  is  very  thick, 
and  into  it  the  muscle  processes  dip,  and  even  cells  from 
the  ectoderm  and  endoderm  migrate.  Such  a  condition 
gives  the  starting-point  for  the  Coelomata.  Externally 
(Fig.  40,  I.  and  II.)  is  the  protective  layer  of  cells,  then 
comes  the  nervous  layer,  then  the  muscular  layer,  then  a 
wide  space  filled  with  a  gelatinous  excretion  and  contain- 
ing cells  which  have  wandered  in  from  the  ectoderm  and 
endoderm,  then  comes  the  endodermal  muscle  layer,  then 
the  nervous  layer,  and  then  the  layer  of  digestive  cells,  and 
lastly,  in  the  centre  of  the  animal,  the  cavity  of  the  gut 
or  enteron.  In  actually  existing  Coelomata,  however,  there 
is  no  mesogloea,  but  a  space  called  the  Coelome  occupying 
its  place.  Into  this  space  wandering  cells  migrate  and 
form  the  blood  and  blood-vessels  and  the  connective 
tissue  and  skeleton.  The  muscular  layers,  instead  of 
being  formed  from  the  ectoderm  and  endoderm  in  definite 
layers,  usually  arise  as  solid  buds  of  cells  coming  chiefly 
from  the  endoderm.     These  afterwards  arrange  them- 
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Fig.  40. — I.  L  )ngitiKlinal,  II.  Transverse  section  through  an 
animal  with  very  thick  mesogloea,  mouth,  anus,  enteron  ;  ectoderm  and 
endoderm  l)roken  up  into  three  layers,  muscular  next  the  mesogloea, 
then  nervous,  and  then  protective  in  the  ectoderm,  digestive  in  endo- 
derm. In  Ccfilomates  mesenchyme  tissues  and  the  ccelome  occupy  the 
space  here  lilled  by  mesogkea. 

M.  Mouth  ;  A.  anus  ;  E.  enteron  ;  Mes.  mesogloea.  Black  layer  is 
muscle,  dotted  layer  is  nervous  ;  layer  divided  into  cells  is  [jrotective  in 
ectoderm,  digestive  in  endoderm. 

III.  Nervous  system  of  Ccelomates — 1.  An  invertebrate  type ;  the 
nervous  system  forms  a  ring  round  the  alimentary  canal  in  front  and 
a  longitudinal  Ijand  below  it.  2.  The  vertebrate  ty|)e  ;  the  nervous 
system  forms  a  bulb  in  front,  a  tube  bchinil,  both  a!)ove  the  alimentary 
canal  and  separated  from  it  l)y  a  special  rod  of  cells — the  notochord. 
3.  Cress  section  through  posterior  part  of  1.  4.  Cross  section  through 
posterior  part  of  2. 

M.  Mouth  ;  A.  anterior ;  B.  posterior  parts  of  nervous  system  ;  E, 
enteron  ;  N.  notochord. 
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selves  round  the  gut  and  round  the  inner  side  of  the 
body-wall  so  that  their  final  position  is  similar  to  that  in 
the  diagrams  of  Fig.  40.  These  muscle  layers  and  the 
immigrating  vascular  and  skeletal  tissues  fill  up  a  con- 
siderable part  of  the  space  originally  occupied  by  the 
mesogloea.  But  in  all  coelomates  there  is  present  a 
hollow  space  lying  within  the  muscular  layers  and  lined 
by  a  special  epithelium.  This  space  is  called  the  ccelome, 
and  its  epithelium  is  the  coelomic  epithelium.  The 
existence  of  this  cavity  lying  between  the  alimentar}^ 
canal  or  enteron  and  the  body-wall  is  the  leading 
characteristic  of  Coelomates,  from  which  their  name  is 
derived.  The  buds  of  cells  which  form  the  muscles,  and 
the  cells  which  form  the  coelomic  epithelium,  are  termed 
the  mesoblast  or  middle  layer.  With  the  mesoblast  the 
wandering  cells  which  form  the  blood  and  skeleton  are 
often  grouped,  but  it  is  better  to  keep  them  separate  in 
idea  under  the  name  mesenchyme.  The  Ccelomates,  on 
account  of  these  sets  of  cells  lying  between  the  endoderm 
and  the  ectoderm,  are  often  distinguished  as  the  Triplo- 
blastica,  three-layered  animals,  but  it  is  necessary  to  re- 
member that  this  middle  layer  is  not  a  simple  layer  like 
the  outer  and  inner  layers,  but  is  a  composite  structure 
composed  of  contributions  from  the  others. 

Finally  we  have  to  consider  a  set  of  changes  which 
occurs  in  the  nervous  layer.  It  will  be  remembered  that 
there  are  two  layers  of  this.  The  endodermal  nervous 
layer  surrounding  the  alimentary  canal  either  disappears 
or  becomes  the  special  nervous  apparatus  of  the  wall 
of  the  gut.  The  ectodermal  nervous  layer  gives  rise  to 
the  chief  nervous  structures  of  the  adult,  and,  among 
Coelenterates  generally,  it  becomes  specially  thickened  in 
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certain  regions.    Thus  even  in  Hydra  the  nerve  cells  are 
more  abundant  on  the  tentacles.     In  many  anemones 
this   occurs  very  markedly,  while  in  medusse  special 
thickenings  or  concentrations  occur  round  the  tentacles, 
round  the  margin  of  the  umbrella-like  swimming  bell, 
and  in  other  places.    Instead  of  forming  a  scattered 
layer  of  ganglion,  cells  these  become  aggregated  and  con- 
centrated in  tracts  and  regions  where  the  nervous  cells 
are  specially  useful.   When  the  gastrula  became  elongated 
and  took  to  moving  mouth  first  through  the  water  it  is 
plain  that  it  was  the  anterior  region  of  the  body  that  came 
first  in  connection  with  the  outer  world.    Accordingly  it 
is  in  the  anterior  region  round  and  above  and  below  the 
mouth  that  special  developments  of  the  nervous  layer 
arise  among  coelomates.    Most  often  in  the  region  above 
and  in  front  of  the  mouth  a  specially  large  collection  of 
nerve  cells  occurs,  and  such  a  collection  may  be  called  a 
brain,  while  the  part  of  the  body  in  which  it  lies  may  be 
distinguished  as  a  head.    In  addition  to  this  thickening 
of  the  ectodermal  nervous  layer  in  the  front  end  of  the 
body,  thickenings  in  other  regions  occur  among  different 
coelomate  animals.    Of  these,  two  types  require  attention. 
In  many  animals  like  earthworms  and  leeches,  crayfish 
and  lobsters,  and  in  insects,  in  addition  to  the  nervous 
layer  in  the  anterior  region  there  is  a  concentration,  or 
special  development  of  it,  all  along  the  under  surface  in 
the  middle  line  from  the  mouth  to  the  anus  (Fig.  40,  III. 
I  and  3).    As  this  is  the  arrangement  in  the  most 
commonly  known  animals  that  do  not  possess  a  back- 
bone, it  is  often  spoken  of  as  the  invertebrate  type  of 
nervous    system.     On   the   other  hand,  among  those 
animals  that  do  possess  a  backbone,  such  as  fishes,  frogs, 
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reptiles,  birds,  and  mammals,  there  is  a  special  concentra- 
tion of  the  nervous  system  along  the  middle  line  of  the 
upper  or  posterior  surface  (Fig.  40,  III.  2  and  4).  This 
is  the  spinal  cord,  which  runs  from  the  brain  down  the 
middle  line  of  the  back,  protected  by  the  arches  of  the 
backbone. 

Let  us  now  sum  up  the  characters  of  the  two  groups 
into  which  the  Metazoa  are  divided.    The  Coelenterata 
consist  of  Metazoa  built  upon  the  type   of  the  gas- 
trula.    In  them  the  body-wall  consists  of  two  cellu- 
lar layers,  the  ectoderm  and  the  endoderm,  separated 
by  the   mesogloea,    a  supporting  layer  which  is  not 
composed  of  cells.    The  two-layered  wall  surrounds  a 
central  digestive  cavity,  the  enteron,  which  communi- 
cates with  the  exterior  by  an  aperture  serving  both  as 
mouth  and  anus.    The  Coelomata  contain  those  Metazoa 
in  which,  in  addition  to  the  ectoderm  or  endoderm,  there 
is  a  third  set  of  cells,  the  mesoblast,  lying  between  them. 
The  cells  of  this  are  derived  from  the  ectoderm  and  the 
endoderm,  by  the  partial  or  complete  mingling  of  several 
sources,  of  which  the  most  important  are  three,  muscle 
buds    representing    the   endodermal    and  ectodermal 
muscular  layers,  coelomic  epithelium,  and  mesenchyme 
or  vascular  and  skeletal  cells.  Within  the  mesoblast  there 
is  a  second  cavity,  surrounding  the  enteron  or  primitive 
digestive  cavity,  and  called  the  coelome.  The  ectodermal 
nervous  layer  becomes  concentrated  in  at  least  two  im- 
portant regions,  an  anterior  region  round  the  mouth, 
gnd  a,  longitudinal  tract  along  the  body. 


CHAPTER  XIV 


THE  EARTHWORM 


HE  earthworm  is  a  convenient  type  of  coelomate  to 


X.  examine,  as  it  is  large  enough  to  dissect  and  soft 
enough  to  cut  into  microscopic  sections  without  great 
difficulty.  Earthworms  belong  to  many  different  genera, 
and  are  found  all  over  the  world,  living  in  the  earth,  in 
mud,  or  some  of  them  in  water.  Most  typical  examples 
live  in  the  ground.  As  Darwin  showed,  their  food  con- 
sists of  organic  matter,  chiefly  vegetable,  which  they 
obtain  from  the  soil  by  passing  great  quantities  of  earth 
through  their  alimentary  canals.  In  this  process  the 
nutritious  organic  matter  is  absorbed  by  the  alimentary 
canal,  and  the  indigestible  part  is  discharged  by  the  anus 
in  a  finely  triturated  condition,  forming  the  worm-castings 
familiar  to  every  one.  In  this  way  worms  pass  a  very 
large  quantity  of  the  soil  through  their  bodies,  and,  as  the 
castings  are  deposited  on  the  surface  of  the  ground,  stones 
and  other  objects  on  the  surface  are  gradually  undermined, 
and  in  the  course  of  years  buried  in  the  soil. 

The  different  kinds  of  earthworms  vary  in  size.  The 
smallest  are  no  thicker  than  a  piece  of  packthread,  and 
may  be  less  than  a  quarter  of  an  inch  in  length.  Some 
of  the  largest,  as,  for  instance,  the  giant  earthworm  of 
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Australia,  may  be  six  to  eight  feet  long,  and  at  the 
thickest  region  of  the  body  have  a  girth  the  size  of  a 
man's  wrist.  The  common  earthworms  of  England 
belong  to  more  than  one  genera,  and  there  are  several 
species.  The  two  genera  most  common  in  England  are 
Lnmbricus  and  Allolohnphora.  In  the  English  species  the 
genera  may  be  distinguished  by  the  dorsal  surface  of  the 
first  segment.  In  Liiinhriciis  the  prostomium  is  pro- 
longed back  to  the  constriction  between  the  first  and 
second  segments  ;  in  Allolohophnr a  the  prostomium  does 
not  reach  so  far  (Fig.  41,  <?,  b).  The  common  large  worm, 
about  six  inches  long,  with  flattened  tail  and  whiter  lower 
surface,  is  Allolnhophora  terrcstris^  commonly  in  error 
called  Lumbricjis  tcrrcstris.  The  smaller  sized  common 
red  worm  with  white  clitellum  is  a  Lnmbrictis.  Into 
the  separate  characters  of  species  it  is  unnecessary  to  enter, 
as  any  of  them  will  serve  our  present  purpose.  For  the 
most  part  they  live  underground,  and  specimens  found 
crawling  on  the  surface  are  generally  diseased.  But  on  a 
summer  evening,  especially  after  rain,  earthworms  may  be 
seen  in  immense  numbers  on  the  surface  of  any  lawn. 
Each  remains  in  connection  with  its  burrow  by  the 
flattened  part  of  the  tail,  and  the  slightest  touch  or 
vibration  on  the  ground  causes  it  instantly  to  retire 
within  the  burrow.  The  mouth  of  the  burrow  is 
guarded,  sometimes  by  a  small  stone,  more  often  by  a 
leaf  pulled  down  stalk  first.  The  sides  of  the  burrow  are 
always  damp  and  slimy,  the  slime  being  a  secretion  from 
the  glandular  cells  on  the  outer  surface  of  the  skin,  and 
possibly  also  a  fluid  discharged  from  the  coelome  of  the 
animal  through  a  series  of  dorsal  pores. 

The  earthworm  is  an  elongated  animal,  pointed  at 
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both  ends,  and  flattened  towards  the  posterior  end.  The 
colour  varies  from  a  red-brown  to  a  pale  yellow-brown, 
and  is  darker  on  the  upper  surface  and  generally  at  the 
anterior  end.  It  is  constricted  externally  into  a  number 
of  rings  or  somites,  of  which  there  may  be  different 
numbers  in  mature  specimens  of  the  same  species.  These 
may  be  so  few  as  sixty-eight,  or  may  be  more  than  two 
hundred.  This  is  the  first  instance  we  have  had  of  what 
is  known  as  segmentation,  and  the  segmentation  is  called 
metameric  when  the  segments  form  a  longitudinal  row. 

It  is  a  phenomenon  of  frequent  occurrence  among  coelo- 
mates.  Sometimes,  as  in  many  worms,  in  lobsters  and 
crayfish,  and  in  insects,  the  segmentation  is  obvious  on 
the  outer  side  of  the  body.  But  in  addition,  many  of  the 
internal  organs,  such  as  muscles,  nervous  structures, 
genital  organs,  and  bony  parts  (as  the  backbone  of  a  fish 
or  of  a  man)  also  may  be  segmented.  The  segmentation 
of  the  internal  organs  may  correspond  to  that  of  the 
external  surface  of  the  animal,  so  that  the  whole  body 
is  broken  up  into  a  series  of  rings,  each  ring  being  practi- 
cally a  repetition  of  the  ring  next  in  front.  More  often, 
as  in  man,  the  segmentations  of  the  different  internal 
organs  do  not  completely  agree  and  do  not  correspond 
with  external  marks.  Thus  our  body  can  hardly  be 
said  to  be  segmented  externally.  At  the  most  it  is 
broken  up  into  three  regions- -the  head,  the  fore  part 
of  the  trunk  with  the  arms,  and  the  hind  part  of  the 
trunk  with  the  legs.  To  a  certain  extent  the  muscles 
are  segmented,  but  these  segments  do  not  correspond 
with  the  divisions  of  the  outer  surface.  The  lungs, 
the  heart,  the  alimentary  canal,  and  the  kidneys  are 
unsegmented,  while  the  nerves,  the  ribs,  and  the  back- 
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bone  are  highly  segmented.  So  far  as  observation  goes 
segmentation  is  a  phenomenon  that  may  occur  in  almost 
any  coelomate  tissue,  and  although  the  result  of  it  is  to 
produce  an  appearance  of  similarity — just  as  from  a 
balloon  at  a  considerable  height  a  row  of  elephants  and 
a  row  of  corn-ricks  would  closely  resemble  each  other — 
there  is  no  necessity  to  suppose  that  segmented  animals 
or  tissues  are  really  more  like  each  other  than  are  un- 
segmented  animals  or  tissues. 

The  whole  of  the  body  is  invested  with  a  delicate 
transparent  iridescent  cuticle.  This  is  not  composed  of 
cells,  but  is  formed  as  a  secretion  by  the  external  cells  of 
the  body-wall.  When  a  worm  is  placed  in  spirit  the 
cuticle  becomes  separated  from  the  underlying  cells,  and 
strips  off  easily.  If  the  anterior,  more  pointed  end  be 
examined  carefully  with  the  naked  eye,  and  with  a  small 
pocket  lens,  it  may  be  seen  that  the  most  anterior  seg- 
ment is  complete  posteriorly,  but  that  it  ends  anteriorly 
in  a  rounded  lobe  overhanging  a  wide  aperture  looking 
downwards  and  forwards.  The  aperture  is  the  mouth  ; 
the  projecting  lobe  is  termed  the  prostomium,  and  if  a 
living  worm  be  examined  one  can  see  that  the  pros- 
tomium is  used  as  a  delicate  organ  of  touch,  and  that 
it  is  more  sensitive  than  the  rest  of  the  body.  The 
posterior  segment  of  the  body  has  a  vertical  slit  between 
two  humid  lips,  on  the  posterior  or  terminal  surface. 
This  is  the  anus.  Near  the  anterior  end  of  the  body — 
actually  in  segments  29-35 — there  is  a  whitish,  swollen, 
saddle-shaped  patch — the  clitellum.  This  is  most  ap- 
parent on  the  back  of  the  animal,  and,  except  during 
the  breeding  season,  it  is  not  a  conspicuous  object.  It 
is  a  patch  of  the  ectoderm,  the  walls  of  which  are 
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glandular  and  secrete  a  cocoon,  within  which  the  mature 
ova  and  spermatozoa  are  placed. 

If  a  finger  be  passed  along  the  ventral  flatter  surface  of 
an  Earthworm  from  the  posterior 
to  the  anterior  region,  it  will  be 
felt  that  that  surface  is  not  smooth 
like  the  rest  of  the  earthworm, 
but  is  studded  with  sharp  bristle- 
like points.  These  are  curved 
S-shaped  bristles  of  a  horny 
material  which  is  common  among 
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invertebrate  animals,  forming, 
for  instance,  the  hard  outer 
cuticle  of  beetles,  and  called 
chitin.  In  the  common  earth- 
worm there  are  eight  setae  on 
each  segment  except  the  anterior 
and  posterior  segments  (Fig.  41). 
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Fig.  41. — a.  Prostomium 
and  first  and  second  seg- 
ments of  Allolobophora  ;  b. 
These  eight  are  arranged  in  four  same  of  Lumbricus.  The 

longitudinal     rows    (two    lateral  ^T,^'  ^^S^re  is  a  diagram 
°  ^  of  the  ventral  aspect  of  seg- 

and  two  ventral),  the  spaces  be- 
tween the  longitudinal  rows 
being  flattened.  The  ventral 
rows  are  on  the  paler  ventral 
surface  :  the  lateral  rows  lie 
parallel  with  them,  where  the 
darker  colouring  of  the  upper 
part  of  the  body  begins.  The 
setc-e  arc  embedded  in  blind  sacs 
of  the  epidermis,  projecting  into  the  coelome,  and  they 
are  formed  by  an  excretion  from  the  cells  lining  the  sacs. 
A  powerful  set  of  muscles  is  attached  to  each  sac  (Fig.  45. 


ments  (9-16)  of  an  earth- 
worm. The  short  strokes, 
arranged  in  pairs,  are  the 
setre :  the  round  dots  in 
front  of  the  outer  setK  of  the 
inner  pairs  are  the  nephri- 
dial  pores.  The  sperma- 
thccal  apertures  are  between 
9  and  10,  and  10  and  11  ; 
the  apertures  of  the  egg- 
ducts  are  in  14,  and  of  the 
male-ducts  in  15. 
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s  m),  and  by  means  of  these  muscles  the  setae  form  the 
locomotor  apparatus  of  the  earthworm.  When  cast  off, 
the  setae  are  replaced,  and  young  setae  occasionally  may 
be  seen  alongside  mature  examples. 

In  addition  to  the  mouth  and  anus  there  are  other 
external  apertures.  The  dorsal  or  peritoneal  pores  are 
small  apertures  situated  in  the  middle  of  the  constrictions 
separating  the  segments.  If  the  body  of  a  newly  killed 
earthworm  be  gently  squeezed,  a  small  drop  of  fluid 
exudes  from  each  pore,  and  it  may  be  seen  that  there 
is  one  of  them  in  every  constriction  except  near  the 
front  end  of  the  body. 

The  orifices  of  the  excretory  organs,  or  nephridia,  are 
very  small,  but  in  large  specimens  they  may  be  seen  with 
the  aid  of  a  hand  lens.  There  are  two  orifices  in  each 
segment  ;  each  lies  just  outside  and  in  front  of  the  exter- 
nal seta  of  the  inner  longitudinal  row. 

The  sexual  apertures  are  more  conspicuous  (Fig.  41). 
In  the  common  earthworm,  on  the  ventral  surface  of 
the  15th  segment  (the  segments  should  be  counted,  as 
variations  in  the  position  may  occur)  are  a  pair  of  large 
slit-like  apertures  guarded  by  swollen,  light-coloured, 
tumid  lips.  These  are  the  external  openings  of  the  male 
organs.  In  a  line  with  these,  on  the  segment  next  in 
front,  are  a  pair  of  smaller  apertiires,  the  female  openings. 

The  ventral  surface  of  a  few  of  the  segments  in  front 
of  this  (9  to  11),  especially  in  the  breeding  season,  is 
swollen,  and  resembles  the  clitellum.  In  line  with  the 
lateral  setae  at  each  side  there  is  present  a  small  opening 
betAveen  the  9th  and  loth,  and  between  the  10th  and 
nth  somites.  These  are  openings  of  accessory  repro- 
ductive organs  termed  the  spermathecae. 
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All  the  external  characters  should  be  made  out  on  a 
living  or  a  newly  killed  worm. 

Killing  by  chloroform  contracts  the  muscles  and 
distorts  the  animal.  The  dissection  should  be  per- 
formed upon  as  large  a  specimen  as  possible,  killed  by 
immersion  in  methylated  spirit  for  two  minutes,  and  then 
washed  under  the  tap  for  half  an  hour.  A  specimen  so 
treated  is  quite  limp,  and  should  be  dissected  under  water 
in  a  shallow  dish  provided  with  a  false  bottom  into  which 
pins  will  stick.  A  sheet  of  cork  weighted  with  lead,  or  a 
layer  of  paraffin  run  into  the  bottom,  serve  this  purpose 
equally  well.  In  the  course  of  dissection  the  dish  should 
be  placed  under  the  tap  at  frequent  intervals,  so  that  all 
debris  that  makes  the  water  cloudy  may  be  removed. 
The  dorsal  wall  must  now  be  slit  up  carefully  along  the 
middle  line,  and  the  two  flajDs  pinned  back  to  the  cork. 
The  spacious  coelome  or  body  cavity,  containing  the  ali- 
mentary canal  and  the  internal  organs,  is  exposed  by  this 
incision,  and  one  sees  at  once  that  it  is  divided  by  a  series 
of  mesenteric  septa  —  delicate  membranous  partitions 
usually  coinciding  with  the  constrictions  between  the 
segments,  except  in  front  of  the  fourth  segment.  Occa- 
sionally septa  may  be  more  numerous  than  the  segments. 
In  order  to  pin  out  the  flaps  widely  and  expose  the 
internal  organs  fully,  it  will  be  found  necessary  to  cut 
through  the  septal  attachments  to  the  body-wall  for  a 
short  distance  on  each  side  of  the  original  longitudinal 
incision. 

Before  proceeding  further  with  the  dissection,  the 
general  arrangement  of  the  organs  should  be  examined 
carefully. 

Anteriorly  is  the  pharynx,  a  wide,  muscular  sac  reaching 
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from  the  anterior  end  to  nearly  the  8th  segment  ;  behind 
this  it  narrows  and  is  overlaid  by  other  structures,  but 
about  the  20th  segment  it  is  again  visible  as  a  rounded 
muscular  mass — the  gizzard,  which  is  separated  by  a  con- 
striction from  the  intestine.  The  latter  is  sacculated, 
expanding  in  the  segments  and  constricted  at  the  septa  ; 
near  the  posterior  end  of  the  body  it  gets  rounder,  and 
narrows  until  it  reaches  the  anus.    The  outer  or  ccelomic 
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Fig.  42. — Diagrammatic  longitudinal  view  of  the  fore-part  of  an  Earth- 
worm opened  from  the  left  side.  The  ccelome  is  the  black  space  ;  the 
alimentary  canal  is  the  dotted  tube  passing  from  the  moulh  backwards. 
The  nervous  system  and  blood  vessels  are  in  white,  m.  mouth  ;  a.  wall 
of  buccal  cavity  ;  b.  cerebral  ganglion  from  which  the  nerve  collar  runs 
round  the  alimentary  canal  to  be  continued  as  n,  the  ventral  nervc-cord  ; 
c.  pharynx  ;  d.  dorsal  blood-vessel ;  e.  anterior  of  the  five  hearts  which 
lead  from  d.  round  the  cesophagus ;  f.  calcifcrous  pouch  ;  in  the  suc- 
ceeding two  segments  are  the  caTciferous  glands. 

surface  of  the  intestine  is  covered  by  a  greenish -yellow 
layer — the  chloragogen  cells.  Running  along  the  dorsal 
middle  line  of  the  alimentary  canal  from  the  hinder  end 
of  the  body  is  a  bright  red  tube — the  dorsal  blood-vessel. 
It  ends  anteriorly  in  the  region  of  the  pharynx,  over 
which  it  ramifies.  In  each  segment  a  pair  of  blood-vessels 
can  be  seen  given  off  from  it,  and  running  round  the  inner 
side  of  the  body-wall.  In  segments  7  to  11  there  are  five 
large  and  conspicuous  vessels — the  hearts.  In  the  living 
worm  their  muscular  walls  are  contractile,  and  they  serve 
to  propel  the  blood. 
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The  alimentary  canal  and  the  other  organs  are  gene- 
rally covered  and  obscured  by  large,  whitish,  hollow, 
irregular  masses  stretching  from  about  the  8th  to  the 
15th  segments.  These  are  the  vesiculge  seminales — 
reservoirs  of  the  seminal  fluid.  In  the  breeding  season 
(Fig.  43,  right  side)  they  are  so  large  and  conspicuous 
that,  even  before  the  earthworm  is  opened,  they  may  be 
seen  bulging  the  body-wall  out.  There  are  three  at  each 
side  and  a  large  median  one.  When  they  are  not  well 
developed,  there  may  be  seen  between  them  three  pairs  of 
expansions  of  the  wall  of  the  alimentary  canal  between 
the  pharynx  and  the  gizzard.  The  anterior  pair,  about 
the  loth  segment,  are  the  calciferous  pouches — glistening, 
whitish  organs  ;  and  the  succeeding  two  pairs  in  the  i  ith 
and  1 2th  segments  are  the  oesophageal  or  calciferous 
glands.  Immediately  behind  them,  the  alimentary  canal 
expands  to  form  a  soft-walled  sac  called  the  crop,  which 
passes  into  the  muscular  gizzard.  In  the  9th  and  loth 
segments,  laterally  just  under  the  edge  of  the  vesiculse 
seminales,  may  be  seen  two  pairs  of  rounded  pinkish 
bodies — the  spermathecse — the  external  openings  of  which 
have  already  been  described. 

The  septa  are  specially  strong  in  the  anterior  part  of 
the  body,  and  owing  to  the  lateral  stretching  of  the  body 
when  the  flaps  were  pinned  out,  it  will  be  found  that  the 
septa  are  bent  so  that  they  overlap  each  other.  But  in 
the  region  behind  the  gizzard,  the  segments  are  larger 
and  the  septa  straighten  In  this  region  a  pair  of  nephridia 
may  be  seen  in  each  segment.  Each  nephridium  is  a 
small  coiled  structure  closely  attached  to  a  mesentery, 
and  lying  under  and  to  the  side  of  the  alimentary  canal. 

For  more  detailed  dissection  the  different  organs  must 
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be  taken  separately,  and  if  it  be  found  that  the  examina- 
tion of  one  set  of  organs  has  injured  another  set,  another 
worm  should  be  dissected,  special  care  being  taken  Avith 
the  organs  imperfectly  seen  in  the  first. 

Alimentary  canal  (Fig.  42).  This  consists  of  a  straight 
tube  running  from  the  mouth,  which  opens  from  the 
ventral  side  of  the  ist  segment,  and  is  overhung  by  the 
prostomial  lobe,  to  the  anus,  which  is  posterior  and 
surrounded  by  the  last  segment.  The  mouth  cavity  or 
buccal  cavity  leads  into  a  very  short  constricted  part, 
which  is  surrounded  by  the  nerve  collar,  and  this  leads 
into  a  wide,  muscular  pharynx,  which  extends  to  the 
6th  segment,  and  is  bound  to  the  body-wall  by  fan- 
shaped  strands  of  muscle.  From  the  posterior  end  of 
this  emerges  a  narrow  oesophagus,  which  runs  back  to 
the  14th  segment.  Midway  on  this  are  three  pairs  of 
protuberances — the  calciferous  pouches  and  glands.  The 
first  pair  lie  in  segment  10,  and  have  a  narrow  opening 
into  the  gut.  The  second  and  third  pairs  lie  in  seg- 
ments II  and  12,  and  are  closed  cavities,  the  walls  of 
which  are  lined  by  horizontal  lamellae.  The  glands 
when  opened  are  found  to  contain  a  milky-white  fluid 
secretion.  Under  the  microscope  this  is  seen  to  contain 
numerous  rounded  solid  bodies,  and,  in  the  first  pair, 
rhombohedra  and  large  concretions.  These  are  cal- 
careous bodies,  soluble  in  acetic  acid  with  the  evolu- 
tion of  carbonic  acid.  The  function  of  the  secretion  is 
unknown.  In  the  14th  segment  the  oesophagus  begins  to 
expand,  and  widens  until  the  17th  segment,  where  it 
forms  a  large  muscular  gizzard.  The  expansion  in  front 
of  the  gizzard  is  sometimes  called  the  crop,  but  it  has 
no  special  function.    The  gizzard  is  a  grinding  or  tritu- 
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rating  organ,  and  its  interior  is  lined  by  a  thick, 
chitinous  secretion  which  protects  the  wall  while  the 
stones  and  hard  particles  taken  in  are  rubbed  down. 
The  gizzard  is  to  be  considered  as  a  modified  part  of 
the  oesophagus.  Behind  it,  the  alimentary  canal  passes 
into  the  sacculated  intestine,  which  passes  straight  back 
to  the  anus.  The  pharynx  should  now  be  cut  across, 
and  the  whole  alimentary  canal  from  the  cut  portion  to 
the  anus  should  be  removed  from  the  body,  slit  open  along 
one  side,  washed  out,  and  examined.  In  the  intestine 
a  striking  feature  is  the  typhlosole — a  fold  of  the  dorsal 
Avail  hanging  down  half-way  into  the  cavity  of  the  gut 
(Fig.  45).  This  ceases  a  short  distance  in  front  of  the 
anus. 

Coelome.  The  spacious  cavity  in  which  the  alimentary 
canal  was  lying,  and  which  is  broken  up  into  successive 
segments  by  the  septa,  is  the  coelome.  It  is  lined 
throughout  by  a  delicate  flattened  layer  of  cells,  the 
nuclei  of  which  can  be  seen  in  transverse  sections.  This 
layer,  or  epithelium,  is  reflected  over  all  the  organs  lying 
in  the  coelome.  The  coelome  communicates  with  the 
exterior  by  the  dorsal  pores  and  also  through  the 
nephridia  and  the  genital  ducts.  The  fluid  within  it 
contains  amoeboid  corpuscles  and  large  round  cells 
loaded  with  granules. 

To  examine  the  coelomic  fluid  and  the  blood,  a  small 
earthworm  should  be  killed  with  chloroform.  As  soon 
as  it  is  dead  the  coelome  should  be  opened  by  a  small  slit 
in  the  middle  dorsal  line,  care  being  taken  to  avoid  the 
dorsal  blood-vessel.  The  slit  should  be  large  enough  to 
introduce  a  very  small  pipette  or  the  point  of  a  camcl's- 
hair  brush,  by  which  drops  of  the  coelomic  fluid  are  to  be 
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transferred  to  a  glass  slide.  These  drops  may  be  examined 
in  the  fresh  condition  under  a  cover-glass,  but  it  is  advan- 
tageous to  kill  and  fix  the  coelomic  corpuscles  by  holding  the 
glass  slide  with  the  drop  on  its  under  surface  over  a  few 
drops  of  osmic  acid  in  a  watch-glass.  The  drop  on  the 
slide  must  not  be  allowed  to  touch  the  acid.  The 
vapour  rising  from  the  watch-glass  is  sufficient  for  the 
purpose. 

The  blood  is  to  be  examined  in  the  same  way,  a  few 
drops  being  removed  from  a  large  blood-vessel.  The 
blood  consists  of  a  pale -yellow  serum  in  which  float 
colourless  corpuscles.  The  colour,  which  is  red  in  a 
thicker  layer  or  when  seen  in  the  blood-vessel,  is  due 
to  hsemoglobin,  the  same  pigment  as  that  found  in  the 
blood  of  vertebrates.  But  in  these  the  serum  is  colour- 
less, and  the  haemoglobin  is  contained  in  the  corpuscles. 

The  corpuscles  of  the  earthworm  are  very  small.  Each 
contains  a  large  nucleus  similar  to  those  which  are  found 
in  the  cells  lining  the  blood-vessels.  These  corpuscles  are 
therefore  unlike  either  the  red  or  the  amoeboid  corpuscles 
of  vertebrates.  The  amoeboid  corpuscles  found  in  the 
ccelome  are  most  probably  the  representatives  of  the 
white  corpuscles  of  vertebrates,  and,  like  them,  they 
have  been  observed  in  the  process  of  devouring,  and 
so  destroying  foreign  bodies  like  bacteria  which  have 
found  their  way  into  the  body  of  the  earthworm. 

The  lining  epithelium  is  modified  in  certain  special 
regions.  The  yellowish  layer  of  chloragogen  cells  cover- 
ing the  intestine  has  already  been  mentioned.  These 
are  in  special  connection  with  the  plexus  of  blood-vessels 
which  ramifies  over  the  intestine  (Fig.  45)  ;  they  extract 
waste  substances  from  the  blood,  and  discharge  them  into 
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the  ccelome,  from  which  they  are  removed  by  the 
nephridia. 

Next,  it  is  on  the  hning  epithehum  of  the  coelome  that 
the  sexual  cells  are  produced  ;  the  testes  and  the  ovaries, 
presently  to  be  described,  are  little  buds  of  cells  jutting 
into  the  body  cavity  from  its  lining  wall,  and  the 
sexual  products  escape  from  the  coelome  by  the  sexual 
ducts. 

Sexual  organs  (Fig.  43).  The  ovaries  are  a  pair  of 
minute,  rounded,  conical  bodies  projecting  into  the 
cavity  of  segment  13  from  the  posterior  wall  of  the 
segment  separating  segment  13  from  segment  12.  They 
are  very  small  except  in  the  breeding  season.  In  order 
to  see  them  one  must  carefully  raise  the  upper  edge 
of  the  septum  to  which  they  are  attached,  by  a  small 
pair  of  forceps,  when  the  little  conical  projections  are 
visible,  one  at  each  side  of  the  middle  line.  Hold  up 
the  septum  with  the  left  hand  ;  in  this  position  an 
ovary  may  be  scraped  off  with  the  edge  of  a  sharp 
scalpel  and  then  removed  from  the  water  to  a  slide  with 
a  camel's-hair  brush  and  examined  in  water  or  glycerine. 
Staining  on  the  slide  with  a  quickly  acting  pigment  like 
cosin  is  an  advantage.  At  the  pointed  or  free  end,  if  the 
worm  were  sexually  mature,  lie  ripe  eggs.  These  are 
large  round  cells  with  a  distinct  wall,  the  vitelline  mem- 
brane, granular  cell-body,  which  consists  of  protoplasm 
loaded  with  spherical  particles  of  food-yolk,  and  with  a 
large  round  nucleus.  Behind  them  lie  younger  ova  in 
different  stages  of  ripeness,  and  these  pass  into  a  mass  of 
small  cells,  which  were  in  continuity  with  the  ccelomic 
epithelium.  In  the  12th  segment  occasionally  there  are 
to  be  found,  especially  in  young  worms,  a  second  pair  of 
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Fig.  43. — Geniial  Segments,  clingrammatlc  dorsal  view,  Ihe  inlesline 
havinjj;  been  removed.  The  coelome  is  black,  the  septa  and  nervous 
cord  (N)  white.  The  right  half  represents  a  mature,  the  left  an  imma- 
ture, worm. 

Spermathecse :  laterally  in  segment  9  bulging  out  septum  between 
9  and  10  ;  the  second  pair  lie  similarly  in  segment  10,  but  the  right  is 
covered  by  the  Vesicate  seminales.  Vesiculse  seminales  (V),  on  the 
right,  form  large  bulbous  masses  from  segments  9  to  13 ;  on  the  left, 
they  lie  on  septa  9-10,  10-11,  and  11-12,  the  two  latter  communicating 
with  the  seminal  funnels.  Testes  (T),  on  the  left,  attached  to  the 
posterior  wall  of  septa,  9-10  and  10-11 ;  on  the  right,  concealed  by 
Vesicate  seminales.  Vas  deferens  runs  back  from  the  seminal  funnels 
under  the  nephridial  coils  to  segment  15.  Ovaries  (0),  attached  to 
septum  12-13  in  line  with  the  testes.  Opposite  them  are  the  oviducal 
funnels  in  segment  13,  with  the  receptacula  ovomm  bulging  into  14; 
from  the  side  of  the  funnels  the  oviducts  run  back  to  openings  in  14. 

Nephridia.  The  preseptal  funnels  lie  on  the  sides  of  the  nerve  cord 
in  every  segment ;  the  coils  are  visible  except  when  they  arc  covered 
by  other  organs.    (Partly  after  Beddard.) 
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very  small  ovaries  similarly  attached  to  the  septum 
between  12  and  11. 

The  septum  between  13  and  14  must  next  be  raised 
with  the  forceps,  and  there  is  to  be  seen  closely  applied  to 
its  anterior  face,  and  exactly  opposite  the  ovaries,  a  pair 
of  short,  wide  funnels.  These  are  the  openings  of  the 
oviducts,  and  these  ducts  are  short  tubes  running  through 
the  septum  to  the  external  openings  on  segment  14. 
Each,  as  it  passes  through  the  septum,  is  in  close  con- 
nection with  a  small  backward-directed  pouch  of  the' 
septum  projecting  into  segment  14.  The  walls  of  these 
are  highly  vascular,  and  so  are  conspicuous,  although 
small.  They  are  egg-sacs,  in  which  eggs  may  sometimes 
be  found,  but  in  the  common  earthworm  they  are  of 
little  importance.  In  some  of  its  allies,  however,  these 
egg-sacs  are  enormous,  extending  a  great  way  down  the 
body.  The  testes,  the  male  organs  corresponding  to  the 
ovaries  of  the  female,  consist  of  two  pairs  lying  attached 
to  the  posterior  face  of  the  septa  between  9  and  10  and 
between  10  and  11,  in  positions  in  line  with  the  ovaries. 
Attached  to  the  anterior  faces  of  the  septa,  one  opposite 
each  testis,  are  the  seminal  funnels.  These  are  large 
opaque-white  membranous  funnels,  the  walls  of  which 
arc  much  folded  and  are  lined  on  the  inside  by  ciliated 
cells.  Each  funnel  passes  into  a  small  tube — the  vas 
eflferens — which  pierces  the  septal  wall.  The  two  vasa 
efferentia  of  each  side  unite  in  segment  12  to  form  at 
each  side  a  single  narrow  tube,  the  vas  deferens,  which 
runs  back  to  the  male  opening  on  each  side  of  the  middle 
line  on  the  ventral  surface  of  segment  15. 

In  immature  specimens  of  either  Allolohoplinra  or  of 
Lninbricns — that  is  to  say,  of  any  of  the  common  earth- 
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worms — the  testes,  funnels,  and  ducts  are  visible  when  the 
alimentary  canal  has  been  removed  (Fig.  43,  left  side). 
But  the  case  is  different  in  adults.  In  Lumbricus^  in 
both  the  lOth  and  ilth  segments,  there  is  a  large  median 
sac  formed  as  an  outgrowth  of  the  septal  wall  called  the 
median  sperm  reservoir  or  vesicula  seminalis.  These 
reservoirs  communicate  with  paired  sperm  sacs  in  seg- 
ments 9,  II,  and  12,  and  the  whole  set  of  sacs  forms  a 
prominent  irregular  white  set  of  pouches,  which  contain 
a  thick  fluid  in  which  are  floating  developing  masses  of 
spermatozoa.  The  median  reservoirs  enclose  the  testes 
and  the  funnels,  and  it  is  necessary  to  slit  them  open  and 
wash  out  the  contents  before  the  testes  and  funnels  can 
be  seen.  In  Allolobophora^  and  therefore  in  the  common 
worm  used  for  dissection,  there  are  no  median  reservoirs, 
but  there  are  three  pairs  of  seminal  sacs  corresponding 
to  the  paired  outgrowths  present  in  Lnmbrictis.  In  the 
mature  condition  these  are  large  and  bloated  and  have 
contents  similar  to  those  of  Lnmbrictis.  Occasionally 
they  grow  into  each  other,  but  to  find  the  testes  it  is 
necessary  not  to  cut  into  them,  but  to  displace  them  or 
to  remove  them  entirely. 

A  small  portion  of  a  testis  should  be  removed, 
stained  with  eosin,  and  teased  with  needles.  It  contains 
small  irregular  cells  with  large  nuclei  :  these  are  parts 
of  the  germinal  epithelium,  which,  as  in  the  case  of  the 
ovary,  is  a  special  patch  of  the  coelomic  epithelium. 
Among  them  are  present  larger  cells  produced  from 
them.  These  larger  cells  are  the  spermatophores,  each 
of  which  by  division  gives  rise  to  a  large  number  of 
spermatozoa.  The  spermatophores  arc  set  free  from  the 
testis  as  oval  tuberculated  masses  containing  many  nuclei. 
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and  they  find  their  way  into  the  sperm  reservoirs.  A 
small  drop  of  the  milky  juice  contained  in  the  sperm  sacs 
or  sperm  reservoirs  must  be  stirred  into  a  large  drop  of 
normal  salt  solution  on  a  slide  and  covered  with  a  cover- 
slip.  It  will  be  seen  to  contain  numerous  spermatophores 
in  different  stages.  These  are  (i)  Mulberry-shaped  multi- 
nucleated masses  as  in  the  testis.  (2)  Masses  in  which 
the  protoplasm  is  arranging  itself  round  each  nucleus 
and  projecting  outwards  as  a  filament.  (3)  Stages  in 
which  the  filaments  are  prolonged  to  form  the  tails  of  the 
spermatozoa.  (4)  Final  stages  in  which  each  spermato- 
phore  consists  of  a  central  vmchanged  portion  surrounded 
by  tufts  of  spermatozoa.  Occasionally  free  spermatozoa, 
each  with  an  elongated  head  and  a  long  hair-like  tail, 
may  be  seen. 

Among  the  contents  of  the  sperm-reservoirs  almost 
invariably  there  are  present  stages  of  an  unicellular 
animal  belonging  to  the  genus  Monocystis.  This  is  one 
of  a  group  of  parasitic  Protozoa  named  Gregarines,  which 
live  as  parasites  in  the  bodies  of  coelomates.  The  fully 
grown  cell  is  a  large  granular  mass  of  protoplasm  enclosed 
in  an  elongated  oval  cell-wall  with  pointed  ends.  Normal 
salt  solution  does  not  kill  it,  and  its  shape  constantly 
changes  as  it  wriggles  about  in  the  fluid.  There  may 
be  also  seen  large  round  cysts  produced  by  the  conjuga- 
tion of  two  cells.  The  cysts  are  packed  full  of  small 
oval  spores  each  of  which  has  a  hard  wall  enclosing  a 
tiny  elongate  mass  of  protoplasm.  Ruptured  cysts  and 
free  spores  are  of  frequent  occurrence.  These  Gre- 
garines, unlike  the  alg<'c  found  in  cndoderui  of  Hydra,  are 
parasites  ;  so  far  as  is  known  tlicir  presence  is  attended 
with  no  benefit  to  their  host,  and  in  many  cases  they 
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produce  diseases.  The  bodies  of  earthworms  which  may 
be  found  away  from  their  burrows  lying  in  a  half-dead 
condition  on  the  surface  of  the  ground,  contain  numerous 
Gregarines  of  different  kinds. 

Spermatliecae.  Lying  in  the  ninth  and  tenth  segments 
are  a  pair  of  very  peculiar  accessory  reproductive  organs 
— the  spermathecse.  These  two  pairs  of  rounded  globular 
sacs  open  directly  to  the  exterior  by  the  spermathecal 
pores.  They  contain  seminal  fluid  received  from  another 
worm  during  copulation. 

Nervous  system.  When  the  alimentai'y  canal,  behind 
the  pharynx,  and  the  sperm  reservoirs  have  been  removed, 
there  is  visible,  stretching  along  the  floor  of  the  body 
cavity  from  one  end  to  the  other,  a  delicate  white  cord. 
This  is  the  ventral  nervous  chain.  It  is  expanded  in  the 
middle  of  each  segment,  the  swellings,  or  ganglia,  being 
larger  in  the  hinder  parts  of  the  body,  and  in  each  segment 
three  pairs  of  short  nerves  run  from  them  into  the  body 
wall.  If  this  ventral  chain  be  traced  forwards  under  the 
pharynx  it  may  be  seen  in  the  fourth  segment  to  separate 
into  two  branches,  each  of  which  bends  upwards  and 
forwards,  the  two  forming  a  collar  round  the  oesophagus 
in  front  of  the  pharynx.  The  dorsal  part  of  the  collar  is 
formed  by  two  pear-shaped  ganglia  lying  on  the  constric- 
tion in  front  of  the  pharynx  and  united  by  their  broad 
ends.  These  two  are  the  supra-cesophageal  ganglia  or 
brain,  and  from  them  nerves  run  forward  to  end  in  the 
epidermis  of  the  prostomium. 

Circulatory  system.  Some  of  the  details  of  this  can  be 
seen  in  the  dissection  of  the  various  tissues  and  organs 
described,  but  it  is  useful  to  examine  this  system  in 
a  fresh  worm.     This  should  be  dissected  under  spirit. 
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The  blood-vessels  are  recognised  by  Lheir  bright  red 
colour. 

The  dorsal  vessel  (Fig.  45  (i) )  may  be  seen  through 
the  skin  in  a  living  animal.  It  runs  from  the  posterior 
end  to  the  pharynx,  closely  applied  to  the  alimentary 
canal.  The  flow  of  blood  is  from  behind  forwards,  and 
the  vessel  is  rhythmically  contractile.  The  ventral 
vessel  (Fig.  45  (2) )  is  a  median  vessel  running  backwards 
below  the  alimentary  canal,  along  the  whole  length  of 
the  animal.  Anteriorly  it  communicates  with  the  dorsal 
vessel  by  a  series  of  capillaries.  The  subneural  vessel 
runs  along  the  whole  length  of  the  animal  under  the 
nerve  cord  within  the  sheath.  The  lateral  neural  vessels 
run  along  the  whole  length  of  the  nerve  cord  also 
embedded  in  the  sheath.  These  are  the  main  trunks 
of  the  vascular  system,  and  they  are  connected  with  each 
other  by  a  complicated  system  of  capillaries. 

The  hearts  are  iive  pairs  of  large  contractile  vessels 
(Fig.  42)  running  round  the  oesophagus  in  segments  7  to 
1 1  from  the  dorsal  to  the  ventral  vessel.  During  life  the 
contractions  pass  from  above  downwards.  In  each  seg- 
ment a  pair  of  vessels  run  round  the  body-wall  from  the 
dorsal  to  the  subneural  vessels.  In  each  segment  at  least 
two  vessels  are  given  off  on  each  side  from  the  dorsal 
vessel,  and  immediately  break  up  into  a  set  of  meshes 
ramifying  all  over  the  surface  of  the  intestine.  These  are 
covered  and  obscured  by  the  chloragogen  cells.  A  longi- 
tudinal band  of  this  meshwork  at  each  side  is  specially 
conspicuous,  and  these  two  arc  sometimes  called  the  lateral 
longitudinal  vessels.  The  nephridia  receive  a  blood- 
supply  from  tlie  ventral  vessel  :  a  small  blood-vessel  runs 
from  this  to  each  nephridium,  upon  which  it  breaks  up 
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into  capillaries.  From  these  a  vessel  runs  back  to  the 
subneural  vessel. 

Nephridia  (Fig.  44).  To  examine  these  excretory 
organs  in  detail  it  is  important  that  the  septa  should  not 
have  been  torn  or  stretched.     When  the  alimentary 


Fig.  44. — Enlarged  diagrammatic  view  of  a  Ncijhriuiu.m.  4.  The  pre- 
septal  part  and  the  funnel  ;  this  passes  through  the  septum  S  into  2,  the 
middle  loop.  1  is  the  inner  loop  ;  3  the  outer  loop.  (Partly  after  Benham.) 

canal  has  been  removed,  the  worm  must  be  washed 
under  the  tap.  Each  nephridium  is  then  seen  with 
the  aid  of  a  hand-lens  as  a  delicate  tube  or  loop,  whitish 
in  colour  (Fig.  43),  and  extending  in  the  segmental  cavity 
from  the  mid-ventral  line  almost  to  the  mid-dorsal  line, 
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and  is  suspended  to  the  septum  by  a  mesentery  of  its 
own.  It  is  divisible  into  a  preseptal  region  lying  in 
front  of  the  segment  which  bears  the  external  aperture 
and  a  much  larger  post-septal  region.  The  pre-septal 
region  is  very  short,  and  consists  of  a  funnel  opening  into 
the  coelomic  cavity  and  a  short  tube  passing  through  the 
septum  to  form  the  post-septal  part  (Fig.  44  (4)  ).  This 
part  should  be  cut  out  and  examined  in  a  drop  of  normal 
salt  solution  under  a  high  power.  The  funnel  consists  of 
a  number  of  tall  columnar  cells  lined  by  strong  cilia,  the 
motions  of  which  sweep  a  current  from  the  coelome  into 
the  tube.  The  funnel  opens  into  a  narrow  tube  which  is 
hollowed  out  of  the  interior  of  the  rod  of  cells  through 
which  it  passes.  The  post-septal  portion  consists  of  three 
loops,  and  the  intracellular  tube  passes  suddenly  into  the 
ascending  limb  of  the  middle  of  these,  and  then  runs 
down  the  descending  limb  and  up  and  then  down  the 
inner  loop,  and  back  again  to  the  middle  loop,  which  it 
first  ascends  and  then  descends.  This  part  of  the  nephri- 
dium  is  the  largest  ;  it  is  ciliated  in  places,  and  the 
ascending  and  descending  parts  are  twisted  about  each 
other.  (In  the  diagram  they  are  drawn  straight,  on 
account  of  simplification.)  The  narrow  part,  after  leaving 
the  middle  loop,  crosses  to  the  inner  loop  and  runs  up 
and  down  that  :  this  part  of  the  tube  is  glandular  and  the 
cavity  is  much  wider.  Next  it  runs  up  and  down  the 
middle  loop  again,  and  finally  forms  the  very  wide  tube  of 
the  outer  loop  which  ends  in  the  external  aperture. 

A  dense  network  of  blood  capillaries  surrounds  and 
ramifies  through  the  walls  of  the  middle  and  inner  tubes. 

Minuter  details  of  the  anatomy  of  the  earthworm  must 
be  studied  by  means  of  sections.    As  the  amount  of 
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earthy  matter  in  the  intestine  blunts  the  razor  and  tears 
the  sections,  it  is  advisable  to  keep  the  worms  for  a  few 
days  in  damp  moss  ;  or  if  they  are  placed  in  salt  and  water 
for  a  few  minutes  before  killing  they  will  frequently  dis- 
charge the  contents  of  the  intestine.  A  small  specimen 
should  be  chosen,  and  killed  by  immersion  in  methylated 
spirits  for  about  two  minutes.  Then  it  should  be 
removed  to  a  cold  saturated  solution  of  corrosive  sub- 
limate in  water  to  which  one  per  cent  of  glacial  acetic 
acid  has  been  added. 

After  immersion  for  half  an  hour  in  the  sokition,  the 
tissues  are  sufficiently  hardened  for  cutting   out  the 
pieces  specially  required.    With  a  sharp  razor  a  piece  less 
than  half  an  inch  long,  so  as  to  include  three  or  four 
complete  segments,  should  be  removed  from  the  third 
quarter  of  the  body.    From  this  transverse  sections  are 
to  be  cut.    Another  piece  should  be  removed  from  the 
anterior  end  so  as  to  include  segments  7  to  i6  inclusive  ; 
(of  this  longitudinal  horizontal  sections  should  be  cut). 
These  two  pieces  must  be  replaced  in  the  solution  for 
twenty-four  hours,  and  then  soaked  for  some  hours  in  70 
per  cent,  alcohol  in  which  a  morsel  of  camphor  has  been 
dissolved.    The  spirit  should  be  changed  at  intervals, 
until  finally  it  remains  quite  clear  when  the  pieces  have 
been  soaking  in  it.    The  pieces  are  then  to  be  stained  in 
a  solution  of  borax  carmine  for  at  least  two  hours,  and 
thereafter  soaked  in  70  per  cent,  alcohol  rendered  acid  by 
a  drop  of  acetic  acid  ;  then  they  must  be  soaked  succes- 
sively in  90  per  cent,  and  in  absolute  alcohol  for  at  least 
two  or  three  hours.    The  purpose  of  these  soakings  is  to 
replace  the  water  in  the  tissues  by  a  liquid  into  which  a 
solvent  of  paraffin  will  diffuse.    The  pieces  should  now 
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be  removed  to  a  narrow  test-tube  containing  about  an 
inch  of  absolute  alcohol.  Into  this  an  inch  of  chloro- 
form should  be  poured.  As  the  alcohol  is  lighter  than 
the  chloroform  it  will  stand  in  a  column  above,  and 
the  pieces  of  worm  soaked  in  the  alcohol  will  also  be 
light  enough  to  float  in  the  upper  alcoholic  layer.  But 
as  the  chloroform  gradually  diffuses  into  the  alcohol  it 
will  also  diffuse  into  the  tissues  of  the  worm.  When  this 
process  is  complete  the  pieces  of  earthworm  will,  by  their 
own  weight,  sink  to  the  bottom  of  the  tube.  They  should 
then  be  removed  to  pure  chloroform,  and  some  small  frag- 
ments of  solid  paraffin  should  be  dropped  in  with  them. 
Gentle  heat  is  useful  to  assist  the  solution  and  penetra- 
tion of  the  paraffin.  For  this  purpose,  the  best  possible 
means  is  to  keep  the  mixture  of  worm,  paraffin,  and 
chloroform  in  a  corked  tube  in  one's  waistcoat  pocket 
for  a  few  days.  Lastly,  the  pieces  of  worm  should  be 
picked  out  and  dropped  into  melted  paraffin  kept  at  a 
temperature  under  60°  Centigrade,  in  a  hot  chamber.  If 
the  process  recommended  here  is  followed,  after  an  hour 
in  the  paraffin  the  pieces  will  be  completely  permeated. 

The  pieces  must  now  be  placed  in  little  paper  moulds 
filled  with  melted  paraffin.  Great  care  must  be  taken  to 
arrange  each  piece  so  that  it  may  be  cut  exactly  in  the 
plane  required.  When  this  has  been  done,  as  soon  as  the 
paraffin  is  cool  enough  to  be  opaque,  the  mould  should 
be  cooled  by  placing  in  cold  water.  Sudden  cooling 
renders  it  more  easy  to  cut.  The  blocks  when  cool  must 
be  trimmed  to  a  suitable  size,  and  sections  cut  with  the 
microtome  and  placed  on  a  slide  in  order.  The  slide 
should  be  smeared  with  a  very  small  quantity  of  glycerine 
and  albumen,  and  then  placed  in  a  warm  chamber  until 
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the  paraffin  has  melted.  Washing  with  warm  turpentine 
will  dissolve  out  the  paraffin,  after  which  the  sections 
should  be  mounted  in  Canada  balsam  dissolved  in 
chloroform. 

The  sections  must  be  examined  first  under  a  low 
power  in  order  that  the  general  arrangement  of  the 
tissues  and  organs  may  be  seen.  Then  the  details  of 
structure  are  to  be  investigated  with  a  higher  power. 

Transverse  section  through  the  region  of  the  intestine 

(Fig-  45)- 

The  general  shape  is  round.  The  dorsal  surface  is 
indicated  by  the  typhlosole,  the  ventral  by  the  nerve 
cord. 

a.  The  integument. — The  cuticle  (c)  is  thin  and  struc- 
tureless :  it  is  usually  partly  or  wholly  separated  from 
the  imderlying  epidermis  by  action  of  the  re-agents. 

The  epidermis  comes  next.  It  is  a  single  layer  of 
columnar  cells,  with  nuclei  at  their  bases.  These  are 
either  glandular  "goblet  cells,"  or  more  slender  packing 
cells.  The  glandular  cells  secrete  the  mucus  which 
renders  the  body  of  a  living  worm  slimy  and  aids  its 
movements  in  its  burrow.  The  packing  cells  form  by 
secretion  the  delicate  cuticle.  A  second  row  of  very 
small  cells  may  be  distinguished  under  this  outer  layer 
in  specially  good  preparations.  In  the  region  of  the 
clitellum  the  epidermis  cells  are  separated  by  small  inter- 
spaces into  which  capillaries  run,  and  the  whole  layer  is 
much  thicker. 

h.  The  setse  may  be  seen  lodged  in  sacs  which  are 
invaginations  of  the  skin  extending  deep  into  the  body 
through  both  of  the  muscular  layers.    Young  setae  may 
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be  seen  lodged  within  the  sacs,  and  the  muscular  fibres 
attached  to  work  the  setoe  are  obvious  {sm).    As  the 


Fig.  45. — Transverse  Section  through  posterior  part  of  Worm.  c. 
Cuticle,  e.  Epidermis,  the  gland  cells  are  light,  cm.  Circular  mur- 
cular  layer,  l.m.  Longitudinal  muscular  layer.  C.e.  Ccelomic  epithe- 
lium, c.  Coelome.  chl.  Layer  of  chloragogen  cells  covering  the 
intestine  and  dorsal  vessel,  en.  Intestinal  epithelium,  ty.  Typhlosole. 
n.  Part  of  nephridial  coil.  S.  Sela  sac.  s.m.  Muscular  apparatus  of 
sette.  Ner.  Nerve  cord  ;  the  reference  line  ends  in  one  of  I  he  three 
giant  fibres  ;  the  nerve  cord  is  invested  with  a  sheath  in  which  lie  the 
three  neural  vessels  on  the  ventral  side.  n.a.  Nephridial  aperture. 
E.  Enteron,  with  typhlosole  projecting  into  cavity.  The  blood-vessels 
are  in  black — 1.  Dorsal  vessel.    2.  Ventral  vessel. 


sections  are  rarely  cut  exactly  in  a  vertical  plane,  the  four 
rows  of  setae  are  not  always  cut  through  in  a  single  section. 
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c.  The  muscular  layers  of  the  body  wall.  These  con- 
sist of  an  outer  layer,  the  fibres  of  which  run  circularly 
round  the  body  and  an  inner  layer  which  is  thicker, 
of  fibres  running  longitudinally  (/w).  The  latter,  there- 
fore, are  cut  across  in  the  transverse  section.  The  fibres 
are  elongate  columnar  bodies  marked  by  delicate  longi- 
tudinal striae  and  embedded  in  a  granular  matrix  contain- 
ing nuclei.  Between  the  fibres  and  between  the  layers  of 
muscle  there  is  present  a  quantity  of  connective  tissue, 
many  of  the  cells  of  which  are  pigmented.  This  con- 
nective tissue  divides  the  longitudinal  layer  into  a  series 
of  radial  longitudinal  sheets  which  in  transverse  section 
have  a  feather-like  appearance. 

The  ccelome  or  body-cavity  (c)  is  the  wide  space  between 
the  body-wall  and  the  intestine.  It  is  lined  by  the  coelo- 
mic  epithelium,  a  single  layer  of  cells  so  delicate  that 
only  the  nuclei  are  visible. 

d.  The  intestine  is  the  large  structure  occupying  the 
middle  of  the  section.  Its  diameter  is  about  half  that 
of  the  Avhole  body.  The  typhlosole  is  a  prominent 
fold  of  the  dorsal  wall  extending  down  into  the  intes- 
tine and  making  the  actual  cavity  crescentic.  Within 
this  cavity,  however  one  may  have  attempted  to 
empty  the  alimentary  tract,  there  is  certain  to  be 
present  debris  of  some  kind.  The  cavity  is  lined  by 
a  single  layer  of  long  narrow  ciliated  cells.  Outside 
this  is  a  thicker  layer  of  muscle  fibres  and  connective 
tissue.  The  next  outermost  coat  consists  of  a  ramifying 
plexus  of  blood-vessels  embedded  in  chloragogen  cells. 
The  blood  vessels  are  recognised  by  the  blood  within 
them  which  stains  deeply.  The  larger  passages  of  this 
layer  of  blood-vessels  known  as  the  longitudinal  vessels 
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are  usually  visible.  The  dorsal  blood-vessel  lies  imme- 
diately over  the  typlilosole,  sometimes  embedded  in 
chloragogen  cells,  and  the  ventral  vessel  immediately 
under  the  intestine  ;  but  these  two  are  separate  from 
the  plexus,  and  vessels  passing  from  them  into  the 
plexus  may  have  been  cut  across. 

Nephridia. — As  these  are  coiled  tubes,  in  cross  section 
they  appear  as  a  number  of  circular  and  oblong  pieces 
according  to  the  way  in  which  the  plane  of  the  section 
has  cut  across  the  loops.  If  a  successive  series  of  sections 
has  been  mounted,  these  pieces  of  the  nephridia  should 
be  traced  from  section  to  section  until  both  the  funnel 
and  the  external  orifice  have  been  seen. 

The  nerve  cord  lies  just  within  the  longitudinal 
muscular  layer  enclosed  in  a  strong  double  connective 
tissue  sheath,  in  Avhich  lie  three  blood-vessels — the  sub- 
neural  on  the  under  side,  and  the  lateral  neurals  at  each 
side.  Within  the  connective  tissue  sheath  is  a  thin 
muscular  layer  which  surrounds  the  true  nervous  cord. 
If  the  section  passes  through  the  middle  of  a  segment,  the 
nerve  cord  appears  to  be  partly  divided  by  a  shallow  con- 
striction into  two  ganglia.  The  body  of  the  cord  or  of 
the  ganglia  is  occupied  by  delicate  nerve  fibres  which 
give  a  granular  appearance  to  the  transverse  section, 
and  by  large  nucleated  ganglion  cells.  These  are  more 
abundant  in  the  ventral  and  lateral  regions  of  the  cord. 
Along  the  dorsal  region  run  three  large  fibres  with  thick 
walls  and  gelatinous  centres,  the  giant  fibres.  The 
function  of  these  is  unknown,  but  as  they  have  been 
traced  into  nerve  cells  they  are  probably  part  of  the 
nervous  apparatus.  By  some  they  are  supposed  to  be 
supporting  or  skeletal  structures.    Lateral  branches  may 
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be  seen  issuing  from  the  cord  running  outwards  and 
downwards  into  the  body-wall. 

The  septa  are  obliquely  arranged  in  the  body  of  the 
worm,  and  so  in  almost  every  transverse  section  part  of 
one  or  more  may  be  cut  across.  Such  appear  as  very 
thin  sheets  of  connective  tissue  with  a  few  muscular 
fibres  running  in  them. 

Longitudinal  Horizontal  Section  through  the  Genital 
Organs. — These  will  differ  very  much  according  to  the 
plane  from  which  they  are  taken,  and  it  is  very  instruc- 
tive to  study  the  whole  series  from  the  dorsal  surface  to 
the  ventral  surface.  This  should  be  done  under  the  low 
power,  as  otherwise  it  is  impossible  to  understand  the 
relative  positions  of  the  organs.  The  most  useful  are 
those  passing  through  the  levels  of  the  funnels  of  the 
genital  ducts,  although  of  course  it  will  be  extremely 
improbable  that  a  single  section  will  pass  through  many 
of  these.  As  the  septa  running  across  the  section  are 
very  visible,  it  is  not  difficult,  after  a  little  study  and 
comparison  with  drawings  of  the  dissected  worm,  to 
identify  the  sections  and  the  organs. 

The  integument  and  epidermis  running  along  each 
side  of  the  oblong  section  exhibit  nothing  not  seen  in 
transverse  sections. 

The  fibres  of  the  external,  or  circular,  muscular  layer, 
will  be  seen  cut  across,  while  the  fibres  of  the  inner,  or 
longitudinal  layer,  run  along  the  section  on  each  side. 

The  coelome  will  appear  as  a  longitudinal  space  between 
the  muscles  within  the  muscular  layer,  and  broken  up 
into  compartments  by  the  septae.  The  plane  of  the 
section  will  probably  lie  below  the  intestine  except  in  the 
region  of  the  gizzard,  a  small  portion  of  the  lower  part 
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of  which  will  be  visible.  Notice  the  thick  muscular  wall 
and  the  chitinous  layer  lying  within  the  intestinal  epithe- 
lium and  formed  from  it  as  a  secretion. 

The  nephridia  will  appear  much  as  in  the  transverse 
sections. 

The  septa  will  exhibit  the  same  structure  as  in  trans- 
verse section,  and  it  will  be  noticed  that  they  are  pierced 
by  the  blood-vessels,  alimentary  canal,  and  genital  ducts. 

The  genital  organs  occupy  positions  indicated  in  Fig. 
43,  but  their  relation  to  each  other  and  to  the  septiE  are 
more  apparent. 

After  the  anatomy  of  the  earthworm  has  been  studied, 
it  is  well  to  consider  the  parts  played  by  its  complicated 
system  of  organs  in  the  life  of  the  animal.  We  saw  how 
hydra  differed  from  a  mere  colony  of  cells  in  that  its  cells 
performed  their  functions  for  the  general  benefit  of  the 
whole  organism.  In  the  more  complicated  structure  of 
the  earthworm  this  subordination  of  the  parts  to  the 
whole  is  still  more  marked.  Nutrition  is  now  served  by 
an  elaborate  alimentary  canal  the  various  parts  of  which 
have  distinct  functions.  The  food,  which  consists  of 
organic  matter  in  the  soil,  is  swallowed  by  means  of  the 
buccal  cavity  and  pharynx  ;  it  is  ground  up  in  the 
gizzard,  and  no  doubt  digestive  juices  are  poured  on  it 
from  the  cells  of  the  intestine.  These  certainly  ingest 
from  the  mass  in  the  gut  the  nutritious  particles,  which 
are  in  turn  handed  on  to  the  blood  as  more  elaborated 
products,  and  from  the  blood  all  the  cells  of  the  tissues 
and  organs  pick  up  what  nutriment  they  require.  The 
cells  discharge  their  waste  water  into  the  blood,  and  from 
it  the  nitrogenous  waste  is  removed  in  two  ways.  The 
chloragogen  cells,  which  cover  the  capillaries  of  the 
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intestine,  extract  waste  matter  from  the  blood  and 
liberate  it  into  the  body  cavity,  whence  it  escapes  by  the 
funnels  of  the  nephridia.  Next,  the  blood  capillaries  on 
the  middle  and  inner  loops  of  the  post-septal  parts  of  the 
nephridia  afford  opportunity  for  the  glandular  cells  of 
these  tubules  to  pick  out  more  waste  matter,  which,  along 
with  matter  coming  in  by_the  funnel,  is  discharged  by  the 
nephridial  apertures. 

There  is  in  the  common  earthworm  no  special  organ 
of  respiration.  But  along  with  the  earthy  matter  taken 
into  the  intestine  much  air  is  swallowed,  and  from 
this  the  abundant  blood-vessels  of  the  gut  absorb  oxygen 
and  no  doubt  return  to  it  carbonic  acid,  the  cells  of  the 
gut  performing  or  aiding  the  transfer.  The  oxygen 
combines  with  the  haemoglobin  dissolved  in  the  blood, 
and  is  carried  to  the  diflFerent  tissues  and  cells  of  the 
body,  from  which  again  carbonic  acid  is  returned  to 
the  gut  to  be  discharged.  Associated  with  the  func- 
tions of  the  blood  as  a  carrier  of  food  and  of  waste  matter, 
of  oxygen  and  carbonic  acid,  is  the  fact  that  it  circulates 
in  a  closed  system  of  vessels,  the  contractile  hearts  and 
dorsal  vessel  providing  the  propelling  force. 

The  reproduction  of  the  earthworm  also  is  complicated. 
Some  of  its  near  allies  can  reproduce  by  budding,  but 
although  the  earthworm  has  a  limited  power  of  reproduc- 
ing parts  accidentally  lost,  it  has  not  the  power  of  vegeta- 
tive reproduction.  Its  normal  method  is  sexual.  As  it 
has  both  male  and  female  organs  in  the  same  individual 
it  is  a  hermaphrodite.  Cross-fertilisation  is  secured  by  a 
peculiarly  complicated  process  in  which  three  individuals 
are  involved.  First  two  worms  A  and  B  copulate,  and 
spermatozoa  are  passed  from  the  male  apertures  of  A  into 
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the  spermathecce  of  B  ;  then  B  copulates  with  a  third 
worm  C,  a  cocoon  is  formed  by  secretion  from  the 
clitellum,  and  into  this  C  discharges  ova,  while  B  places 
along  with  the  ova  spermatozoa  from  the  spermathecae. 
The  impregnation  of  the  eggs  takes  place  within  the 
cocoon. 


CHAPTER  XV 


VERTEBRATES  AND  INVERTEBRATES 
HE  earlhworm  is  only  one  among  a  very  large 


JL  number  of  invertebrate  Coelomata.  Some  of 
these,  like  star-fishes,  water-fleas,  crabs  and  lobsters, 
insects,  spiders  and  scorpions,  centipedes,  snails  and 
cuttle-fish,  are  very  unlike  it.  A  little  reflection  on  the 
animals  that  we  all  know  will  convince  even  those  who 
take  no  special  interest  in  natural  history  that  the  common 
invertebrates  fall  into  natural  groups,  each  group  con- 
taining a  number  of  animals  all  more  or  less  alike. 
Naturalists,  from  their  greater  knowledge  of  animals, 
would  make  more  groups  and  would  detect  resemblances 
and  differences  unapparent  to  the  inexpert.  But  the 
least  expert  would  not  confuse  earthworms  with  star-fish, 
or  either  with  insects  or  snails.  These  are  unlike  in 
almost  every  feature,  and  it  is  in  little  else  than  the 
characters  common  to  all  coelomates  that  they  resemble 
each  other.  On  the  other  hand,  if  we  take  the  coelo- 
mate  vertebrates — fishes  and  amphibians,  reptiles,  birds 
and  mammals — although  there  are  striking  differences 
between  the  great  groups,  yet  it  is  plain  that  they  re- 
semble each  other  much  more  closely  than  do  the  inverte- 
brate groups.    Each  have  the  body  divided  into  head  and 
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trunk,  and  the  latter  is  continued  into  a  tail,  short  or 
long.    On  the  ventral  surface  of  the  head  is  the  mouth  ; 
the  head  contains  the  brain,  and  carries  nose,  eyes,  and 
ears.     The  trunk  has  never  more  than  two  pairs  of 
appendages,  corresponding  to  our  arms  and  legs.  The 
body  has  an  internal  bony  or  cartilaginous  skeleton,  con- 
sisting of  a  skull  or  brain-box ;  a  vertebral  column,  the 
upper  part  of  which  is  traversed  by  the  spinal  cord,  the 
great  nervous  continuation  of  the  brain  into  the  body ;  a 
pectoral  girdle,  to  which  the  front  pair  of  limbs  are 
attached  ;  and  a  pelvic  girdle,  bearing  the  hind  limbs. 
In  all  the  vertebrates  the  cavity  of  the  mouth  communi- 
cates by  a  straight  oesophagus  with  a  stomach,  from  which 
an  intestine  passes  to  the  anus  at  the  root  of  the  tail. 
There  opens  into  the  intestine  close  behind  the  stomach 
the  duct  of  a  large  organ,  the  liver,  found  in  them  all  ; 
the  front  part  of  the  alimentary  canal,  immediately  behind 
the  mouth,  is  specially  connected  with  the  function  of 
respiration.    In  fishes  four  or  five  slits  on  each  side  of 
the  neck,  the  gill-slits,  establish  a  communication  between 
the  inside  of  the  alimentary  canal  and  the  exterior,  and 
blood-vessels  round  about  these  openings  pick  up  the 
supply  of  oxygen  for  the  whole  body  from  the  water 
passing  through  the  slits.   The  tadpoles  of  frogs  and  the 
unborn  young  of  reptiles  and  birds  and  munrmals,  all 
possess  these  slits  in  the  side  of  the  neck  opening  into  the 
alimentary  canal  behind  the  mouth.   The  blood  system  of 
all  vertebrates  consists  of  arteries  and  veins  connected  by 
capillaries,  and  the  blood  is  always  made  to  circulate  by 
the  contractions  of  a  muscular  heart  lying  below  the 
alimentary  canal  in  the  front  part  of  the  body,  while  the 
blood  itself  in  them  all  consists  of  a  colourless  fluid,  in 
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which  are  multitudes  of  white,  amoeboid  corpuscles, 
and  red  corpuscles  coloured  by  a  pigment,  hiemo- 
globin,  which  serves  to  carry  the  oxygen.  All  verte- 
brates have  kidneys  to  remove  their  nitrogenous  waste, 
and  the  apertures  by  which  the  urine  is  discharged  are 
closely  connected  with  the  reproductive  apertures,  and  lie 
near  the  anus. 

Minuter  investigation  of  the  anatomy  and  of  the  struc- 
ture of  the  cells  in  the  tissues  and  organs  similarly  shows 
the  very  close  resemblance  existing  among  vertebrates. 
We  are  led  to  the  conclusion  that,  while  there  are  many 
great  types  or  classes  of  coelomate  invertebrates,  of  which 
the  earthworm  and  its  allies  represent  one,  there  is  only 
one  type  of  vertebrate  coelomate.  Vertebrates  are  larger, 
and  being  more  familiar  with  them,  we  know  the  dif- 
ferences between  them  more  intimately  ;  but  when  we 
compare  them  with  the  less  familiar  differences  among 
the  less  familiar  invertebrates,  we  find  that  the  verte- 
brates must  be  placed  in  one  class,  the 
invertebrates  in  many  classes. 

Taking  a  class  such  as  the  vertebrates,  with  which  we 
are  all  more  or  less  familiar,  it  is  obvious  that  there  are 
groups  in  it  which  we  think  of  as  higher  or  lower  with 
respect  to  each  other.  Thus  birds  and  mammals  are 
higher  than  reptiles,  reptiles  than  amphibia,  amphibia 
than  fish.  Below  fish,  there  are  a  number  of  small,  less 
familiar  animals,  such  as  Amphioxiis^  the  lancelet,  Asci- 
dianSy  or  sea-squirts,  and  Balanoglossus^  which  continue 
the  vertebrate  chain  down  to  animals  which,  taken  by 
themselves,  would  pass  as  very  simple  invertebrates.  A 
similar  condition  of  things  exists  among  the  great  inverte- 
brate groups.    Common  animals  like  the  star-fish  and 
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the  earthworm,  lobsters  and  crabs,  flying  insects,  snails, 
and  so  forth,  stand  near  the  top  of  long  series  of  animals, 
the  lower  end  of  each  series  consisting  usually  of  incon- 
spicuous simple  coelomate  forms.  Now  to  understand 
properly  the  resemblances  and  relationships  among  these 
great  groups,  it  is  necessary  not  simply  to  compare  with 
each  other  the  higher  forms,  like  star-fishes,  earthworms, 
crabs,  insects,  snails,  and  vertebrates,  but  first  to  trace 
downwards  each  separate  group  to  its 
simplest  forms,  and  then  to  compare  with 
each  other  these  simplest  forms.  Such  a 
task,  forms  a  great  part  of  the  science  of  comparative 
anatomy,  and  within  the  limits  of  an  elementary  course 
of  study  it  is  possible  to  do  little  more  than  to  gain  an 
idea  of  the  method  by  which  correct  ideas  may  be  gained. 
Between  representatives  of  two  groups  of  coelomates  like 
the  earthworm  and  the  dog-fish,  we  must  look  for  little 
in  common  besides  the  simple  characters  common  to  all 
coelomates. 

In  Chapter  XIII.  we  have  dealt  with  the  common 
characters  of  coelomates  ;  it  is  now  necessary  to  add  a 
further  statement,  the  evidence  for  which  unfortunately 
is  too  long  to  be  given.  A  particular  method  of  progres- 
sive advance  of  structure  is  common  to  all  the  great 
groups  of  coelomates.  The  simplest  animals  in 
all  are  least  segmented;  in  many  cases 
they  are  quite  u  n  s  e  g  m  e  n  t  e  d ,  and  we  may  take 
it  that  the  first  or  primitive  stage  of  coelo- 
mates  is  unsegmented.  The  next  stage  of 
advance  is  shown  by  a  great  increase  of  segmentation, 
which  may  affect  the  whole  body  or  only  parts  of  it,  or 
which  may  affect  different  parts  or  organs  in  didercnt 
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degrees.  The  segmentation  of  the  skin  may  not  be 
exactly  the  same  as  that  of  the  coelome,  and  the  seg- 
mentations of  these  may  be  different  from  the  segmenta- 
tions of  the  nephridia,  blood-vessels,  genital  organs, 
and  so  forth.  The  third  stage  is  a  condensation  of  the 
segmentation  in  different  regions.  The  most  familiar 
instance  of  this  is  what  is  called  cephalisation.  Two  or 
more  of  the  anterior  segments  may  be  telescoped  together 
at  the  anterior  end  to  form  a  complicated  and  condensed 
part  of  the  body  called  the  head.  Another  familiar 
instance  of  this  process  we  shall  find  to  be  the  condensa- 
tion of  a  number  of  nephridia,  to  form  a  kidney.  Like 
its  predecessor,  the  process  of  segmentation,  this  process 
of  condensation  may  affect  separate  series  of  structures 
in  different  regions  and  in  different  ways,  and  the  result 
of  it  is  to  produce  a  number  of  general  and  misleading 
resemblances  between  higher  members  of  different  groups. 

In  the  light  of  these  general  considerations  we  may  sum 
up  the  relations  between  the  earthworm  and  vertebrates. 

The  earthworm  is  one  member  stand- 
ing near  the  head  of  one  of  the  many 
groups  of  invertebrate  coelo  mates.  It 
has  reached  the  second  stage  of  coelo- 
mate  development  in  that  it  is  very 
highly  segmented,  and  there  is  little  or 
no  trace  of  the  third  stage,  the  stage  of 
the  condensation  of  segments.  The  loco- 
motor organs  are  not  limbs,  but  unjointed, 
chitinoid  setae  implanted  in  the  body- 
wall.  The  nervous  system  consists  of  a 
pair  of  cerebral  or  prostomial  ganglia, 
and  a  g  a  n  g  1  i  o  n  a  t  e  d   ventral   cord  show- 
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ing  signs  of  being  two  cords  close  ly 
applied.  The  excretory  organs  consist 
of  nephridia  opening  into  the  body  cavity 
by  a  ciliated  funnel  and  to  the  exterior 
by  an  external  pore;  these  nephridia 
are  highly  segmented,  there  being  a  pair 
for  nearly  every  somite  in  the  body. 
The  genital  organs  show  much  less  trace 
of  segmentation. 

Vertebrates  from  fish  up  to  man  are 
the  higher  representatives  of  a  single 
group  of  ccelomates,  of  which  the  lower 
members  are  inconspicuous  coelo  mates 
that  reveal  their  vertebrate  affinities 
only  after  minute  investigation.  Verte- 
brates are  highly  segmented  animals,  in 
which  condensation  of  segments  has  be- 
come an  important  factor,  resulting 
notably  in  the  formation  of  a  compli- 
cated head,  and  of  kidneys  formed  by 
the  aggregation  of  many  nephridia. 
There  is  a  well-developed  internal  skele- 
ton, consisting  of  a  skull  with  movable 
jaws,  a  jointed  backbone  through  the 
arches  of  which  runs  the  spinal  cord, 
two  pairs  of  limbs  attached  to  pectoral 
and  pelvic  girdles.  The  central  nervous 
system  lies  along  the  dorsal  side  of  the 
body,  and  is  expanded  in  front  into  a  brain 
lying  within  the  head  and  connected  with 
three  great  organs  of  sense  —  the  nose, 
the   eyes,   and  the    ears.     The  vascular 
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system  consists  of  a  closed  system  of  veins, 
arteries,  and  capillaries,  through  which 
the  blood  is  propelled  by  a  ventrally- 
placed  contractile  heart.  The  blood,  in 
addition  to  amcEboid  corpuscles,  con- 
tains numerous  red  corpuscles  -with  defi- 
nite  outlines  and  containing  haemoglobin. 
Associated  with  respiration  there  exists 
always,  either  in  the  adult  or  in  the 
embryo,  a  series  of  paired  slits  leading 
from  the  side  of  the  neck  into  the  ali- 
mentary canal  behind  the  mouth.  The 
coelome  is  very  spacious,  and  the  genital 
glands  arise  as  paired  but  unsegmented 
patches  on  the  dorsal,  internal  wall  of 
thecoelome. 

The  type  common  to  the  lowest  members  of  the 
groups  of  which  the  earthworm  on  the  one  hand  and 
the  vertebrates  on  the  other  form  the  highest  examples, 
is  a  simple  unsegmented  coelomate  animal,  bilaterally 
symmetrical,  with  a  dorsal  and  ventral  surface  and 
anterior  end  at  which  lies  the  mouth,  a  posterior  end 
where  is  the  anus.  The  lower  layer  of  the  skin  con- 
sists of  a  continuous  sheath  of  nerve  cells  and  fibres, 
showing  a  tendency  to  become  concentrated  at  the 
anterior  end  as  a  brain  and  in  longitudinal  bands  along 
the  body.  These  are  ventral  in  the  earthworm,  dorsal 
and  tubular  in  the  vertebrate  group.  The  coelome  is 
spacious  and  contains  modified  patches,  which  give  rise 
to  the  sexual  cells.  The  excretory  organs  consist  of 
nephridia  arranged  in  one  or  more  pairs,  and  open  into 
the  coelome  by  ciliated  funnels. 


CHAPTER  XVI 


THE  DOG-FISH 


HE  dog-fish,  with  sharks  and  skates,  belongs  to  a 


X  group  of  powerful,  predacious,  active  fishes,  known 
as  Elasmobranchs.  One  of  their  leading  characters  is 
that  the  skeleton  is  composed  of  cartilage,  strengthened 
in  parts  by  a  gritty  deposit  of  lime,  but  not  turned  into 
true  bone.  Typically  they  are  inhabitants  of  salt  water, 
but  many  of  them,  in  pursuit  of  prey,  enter  brackish 
estuaries  or  rivers  for  some  distance.  The  dog-fish  found 
round  our  coasts  belong  to  several  species  and  genera. 
Scyllimn  caiticula,  the  larger  spotted  dog-fish,  and  Scyl- 
Imm  cattilltis^  the  lesser  spotted  dog-fish,  are  distinguished 
by  the  absence  of  a  nictitating  membrane,  by  the  small 
size  of  their  teeth,  of  which  several  rows  are  in  use  at  the 
same  time,  each  tooth  having  a  long  middle  cusp  and 
several  small  lateral  cusps.  Acanlhias  vulgaris^  the  spiny 
dog-fish,  is  at  once  recognisable  by  the  strong  spine  or 
thorn  at  each  dorsal  fin.  The  teeth  are  small,  and  their 
points  are  curiously  turned  aside,  so  that  the  inner  margin 
forms  the  cutting  edge.  Miistehis  viilgarts,  the  common 
smooth-hound,  has  a  nictitating  membrane ;  the  teeth  are 
small,  very  numerous,  and  closely  packed  together,  form- 
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ing  a  sort  of  pavement,  which  is  used  for  crushing  rather 
than  for  biting. 

They  are  great  enemies  of  fishermen,  not  only  de- 
stroying quantities  of  young  fish,  but  lacerating  and 
damaging  edible  fish  which  have  been  caught  in  the 
lines  or  entangled  in  the  meshes  of  the  nets.  They 
are  themselves  nearly  useless  as  food,  their  flesh,  like 
that  of  many  carnivorous  animals,  being  excessively  tough 
and  of  strong,  disagreeable  flavour.  The  sexes  are  sepa- 
rate, and,  as  will  be  described,  the  males  and  females 
can  be  distinguished  by  external  characters.  The  eggs 
are  large,  and  are  impregnated  within  the  body  of  the 
female.  In  Scyllmm  they  are  laid  shortly  after  impregna- 
tion, enclosed  in  a  horny  capsule  the  angles  of  which  are 
produced  into  long  spirally  tv/isted  processes  which  serve 
to  anchor  them  to  seaweed  or  stones.  In  some  other 
dog-fish,  as  in  Mustelus^  the  eggs  are  retained  within  the 
body  of  the  mother  until  the  adult  shape  has  been 
reached,  and  the  young  embryo  is  nourished  from  the 
blood  of  the  mother  by  means  of  a  tuft  of  blood-vessels 
not  dissimilar  to  the  placenta  of  mammals.  The  eggs 
of  these  dog-fishes  contain  little  food-yolk  ;  the  eggs  of 
others  contain  so  much  that  the  young  dog-fish,  even 
when  it  has  escaped  from  the  capsule  and  swims  about 
upon  its  own  account,  carries  the  remains  of  the  yolk 
in  a  small  sac  attached  by  a  short  stalk  to  the  ventral 
wall  of  the  abdomen. 

The  following  description  applies  specially  to  Scyllmm 
canicula^  the  most  common  dog-fish,  but  except  in  ex- 
ternal characters  it  will  serve  equally  well  for  the  piked 
dog-fish  or  for  the  smooth  hound. 

Dog-fish  about  two  feet  long  are  most  convenient  for 
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dissection.  This  should  be  done  upon  a  wooden  board 
with  a  small  raised  rim.  The  characters  of  the  skeleton 
should  be  examined  on  a  specimen  prepared  by  immersing 
a  fresh  fish  in  nearly  boiling  water  for  a  few  minutes, 
and  then  scraping  or  brushing  the  soft  parts  away.  This 
skeleton  must  be  kept  in  spirit,  as,  if  allowed  to  dry,  it 
becomes  hopelessly  distorted. 

External  Characters.  —  The  body  is  elongated,  and 
bilaterally  symmetrical.  It  is  broadest  about  the  level 
of  the  pectoral  fins,  where  it  is  flattened  dorso-ventrally, 
and  ends  in  front  in  a  rounded  blunt  snout.  The  hinder 
part  is  compressed  laterally,  and  tapers  to  the  end  of  the 
long  slender  tail,  the  last  two  or  three  inches  of  which 
are  bent  up  at  an  angle.  The  general  colour  is  a  pale 
grey,  spotted  on  the  sides  and  back  with  black  and  brown, 
and  lighter  on  the  ventral  surface.  Along  each  side  runs 
a  shallow  groove,  the  lateral  line,  and  on  the  head  are 
a  number  of  minute  openings  arranged  symmetrically. 
These  lead  into  branching  tubes,  from  which  mucus  can 
be  pressed  out,  and  which,  like  the  lateral  line,  contain 
sensory  organs. 

There  are  two  sets  of  fins,  each  consisting  of  flattened 
outgrowths  supported  by  an  internal  cartilaginous 
skeleton.  The  median  or  unpaired  fins  consist  of — (i) 
Dorsal  fins,  a  large  anterior  fin  about  the  middle  of  the 
length  of  the  body,  and  a  small  posterior  fin  some 
distance  behind.  (2)  A  ventral  fin,  opposite  the  interval 
between  the  dorsals.  (3)  A  caudal  fin,  forming  a  fringe 
round  the  tail,  cut  off  sharply  at  the  tip,  and  on  the 
ventral  side  divided  into  a  small  posterior  and  a  large 
anterior  lobe.  These  caudal  fins  give  the  tail  of  elasmo- 
branch  fishes  a  characteristic  shape  known  as  heterocercal, 
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and  notably  different  from  the  tail  of  bony  fishes  like  the 
herring  or  salmon,  in  which  the  tail  fin  is  symmetrical 
above  and  below  the  middle  line. 

The  paired  fins  correspond  to  the  fore  and  hind  limbs 
of  higher  animals.  Those  of  the  pectoral  pair  project 
out  from  the  ventral  side  of  the  body  behind  the  head. 
The  pelvic  fins  are  much  smaller,  and  are  placed  on  the 
ventral  side  of  the  body  some  distance  behind  the  front 
pair.  Their  inner  borders  are  close  together,  and  are 
fused  in  males.  In  the  males,  also,  close  to  the  pelvic 
fins,  and  developed  from  their  inner  borders,  are  a  pair  of 
stout  rounded  processes,  pointed  at  the  ends  and  pro- 
jecting backwards.  These  are  copulating  organs,  called 
claspers,  and  along  their  inner  dorsal  edge  a  deep 
groove  runs  into  a  blind  sac  under  the  skin  of  the 
ventral  surface. 

The  tail  fin  is  the  chief  organ  of  locomotion  in  fishes. 
The  median  fins  serve  chiefly  to  jDreserve  the  balance  of 
the  fish  ;  the  paired  fins  assist  in  balancing,  and  are  used 
also  to  turn  and  guide  the  motions  of  the  fish. 

External  Apertures. — The  mouth  is  a  large,  curved  slit 
extending  across  the  ventral  side  of  the  body  a  short 
distance  from  the  anterior  end.  The  cloacal  aperture  is 
also  median,  and  lies  on  the  ventral  side  between  the 
pelvic  fins.  It  is  the  external  opening  of  a  small  chamber, 
the  cloaca,  into  which  open  the  intestine,  the  ducts  of 
the  kidneys  and  of  the  genital  organs. 

The  nostrils  are  a  pair  of  large  circular  apertures  on 
the  ventral  side  of  the  head  in  front  of  the  mouth,  and 
connected  with  that  by  wide  grooves  covered  by  flaps  of 
skin . 

The  spiracles  are  a  smaller  pair  of  apertures  on  the 
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dorsal  side  of  the  head  just  behind  the  eyes  ;  they  open 
into  the  cavity  of  tlie  mouth. 

The  gill-slits  are  a  set  of  five  vertical  slits  on  each  side 
of  the  neck,  beginning  immediately  below  and  behind 
the  spiracle,  which  itself  is  in  reality  an  anterior  gill-slit. 
Each  gill-slit  communicates  with  the  pharynx  immedi- 
ately behind  the  mouth-cavity,  and  during  life  water 
taken  in  by  the  mouth  is  passed  out  through  the  gill- 
slits. 

The  abdominal  pores  are  a  pair  of  minute  apertures, 
lying  one  on  each  side  of  the  cloaca.  They  open  into  the 
coelome. 

The  Scales  and  Teeth.— The  whole  external  surface  of 
the  body  is  covered  by  small,  sharp-pointed  scales,  which 
may  be  felt  by  passing  the  finger  from  behind  forwards 
along  the  surface.  Where  the  skin  bends  over  to  form 
the  lining  cavity  of  the  mouth  the  scales  covering  the 
jaws  are  much  enlarged  to  form  teeth.  The  spines  of  the 
piked  dog-fish  are  enlarged  scales.  A  small  piece  of  the 
skin  of  the  common  dog-fish  should  be  boiled  in  caustic 
potash  solution  to  dissolve  away  the  fleshy  matter  and 
isolate  the  scales.  These,  examined  under  the  microscope 
in  glycerine,  may  be  seen  to  consist  of  a  four-lobed  bony 
base  which  was  embedded  in  the  skin,  and  a  backwardly- 
directed  bony  spine,  tipped  with  enamel. 

The  Skeleton. — As  the  skeletons  of  all  vertebrates  are 
built  upon  the  same  ground-plan,  and  as  the  skeleton  of 
the  dog-fish  exhibits  a  comparatively  simple  condition  of 
this,  it  is  of  great  importance  to  grasp  the  general  features. 
Even  in  a  soft-bodied  animal  like  the  earth-worm  there  is 
present  a  considerable  amount  of  connective  tissue,  form- 
ing partitions  and  supporting-membranes  between  the 
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muscle-layers  and  muscle-bundles.  Such  a  tissue  is  really 
in  function  skeletal,  or  supporting  ;  and  very  early  in  the 
development  of  all  vertebrates  a  considerable  amount  of 
skeletal  tissue  appears  in  the  shape  of  connective-tissue 
cells,  which  migrate  in  between  the  organs  and  layers  and 
form  a  general  supporting  framework.  But  in  the  case 
of  the  vertebrates  the  name  skeleton  is  specially  asso- 
ciated with  supporting  structures  developed  in  connection 
with  the  special  features  of  vertebrate  structure.  These 
are,  first,  the  skull,  which  supports  and  surrounds  the 
brain  ;  second,  the  vertebral  column,  or  backbone,  which 
lies  immediately  under  the  spinal  cord  or  dorsal  nervous 
tube  ;  third,  the  visceral  arches,  which  support  the  gill- 
slits  ;  fourth,  the  skeleton  of  the  front  and  hind  pairs  of 
limbs.  But  in  addition  to  this  specialisation  of  skeletal 
tissue  in  these  different  places,  changes  in  the  nature 
of  the  skeletal  tissue  occur.  The  connective  tissue 
may  be  replaced  by  cartilage,  and  the  cartilage  may  be 
strengthened  by  the  deposition  of  calcareous  particles. 
The  skeleton  of  the  dog-fish  does  not  get  beyond  this 
condition,  but  in  higher  animals  the  cartilage  may  be 
replaced  by  true  bone.  True  bone  may  also  be  formed 
directly,  in  connective-tissue  membranes,  as  happens  in 
the  case  of  the  bony  plates  which  form  the  bases  of  the 
scales  and  teeth  of  the  dog-fish.  Bony  structures  which 
are  first  laid  down  in  cartilage  are  called  cartilage  bones, 
and  most  of  the  bones  of  higher  animals  are  instances  of 
this  mode  of  formation.  Bones  which  are  laid  down 
directly  in  membrane  are  called  membrane  bones,  and 
these  form  a  much  smaller  part  of  the  skeleton  of  higher 
animals. 

The  Vertebral  Column  or  Backbone. — In  a  dog-fish 
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embryo  there  is  formed  from  the  dorsal  wall  of  the 
alimentary  canal  a  long  gelatinous  rod  which  lies 
between  the  alimentary  canal  and  the  nervous  system, 
extending  from  below  the  hind-part  of  the  brain  to  the 
posterior  end  of  the  body.  This  rod  is  the  noto- 
chord,  and  is  the  foundation  of  the  backbone 
in  all  vertebrates  and  the  only  representative 
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Fig.  46. — Longitudinal  vertical  section  of  three  stages  of  develop- 
ment of  Vertebra;  from  the  cartilaginous  sheath  of  the  Notochord. 
Cartilage,  dotted  ;  chord,  black.  I.  Continuous  sheath,  chord  un- 
constricted.  II.  Sheath  segmentally  thickened,  notochord  constricted. 
III.  Further  stage  ;  the  segmental  thickenings  have  nearly  met  to  form 
biconcave  vertebra'. 

of  the  backbone  in  the  members  of  the  verte- 
brate group  lower  than  fishes.  In  the  dog-fish 
and  all  higher  animals,  the  notochord  very  quickly  is 
surrounded  by  a  sheath  of  wandering,  skeleton-forming 
cells,  such  as  form  the  whole  skeleton  in  simpler  animals, 
and  it  is  from  this  sheath  that  the  actual  backbone  is 
formed  by  a  series  of  segmentally-arranged  thickenings 
(Fig.  46).   In  the  dog-fish  the  sheath  of  the  notochord 
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is  cartilaginous,  and  its  anterior  part  gives  rise  to  the 
posterior  part  of  the  skull,  while  in  the  body  it  becomes 
divided  transversely  into  segments  which  are  the  centra, 
or  bodies  of  the  vertebrae.  Above  the  centra,  neural 
arches  grow  and  surround  and  protect  the  nervous  tube, 

while  below  them  haemal  arches 
and  ribs  partly  enclose  the  body- 
cavity. 

By  this  process  of  segmentation 
the  backbone,  consisting  of  a  series 
of  vertebrie,  is  formed.  The 
simplest  vertebrre  are  seen  in  the 
tail  (Fig.  47).  Each  consists  of 
a  centrum,  through  which  runs 
the  notochord,  a  dorsal  arch,  with 
a  dorsal  spine  above,  forming  the 
neural  canal  through  which  runs 
the  nerve  tube,  and  a  ventral  or 
haemal  arch,  also  with  a  spine,  en- 
closing the  body  cavity,  which  in 
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Fig.  47. — Diagram  of 
Caudal  Vertebra.  Noto- 
chord, black  ;  cartilage, 
dotted.  CEN.  Centrum. 
D.  Dorsal  arch,  contain- 
ing N.  spinal  cord.  H. 
lla."mal  arch,  containing 
C.  cojlome. 


the  region  of  the  tail  is  minute. 


Further  forward  in  the  body  the 
haemal  arches  are  not  complete  ; 
the  processes  which  in  the  tail 
meet  to  form  these  arches  stand 
out  at  right-angles  to  the  line  of 
the  backbone  and  are  termed 
To  the  end  of  each  transverse 
process  a  short  cartilaginous  rib  is  attached. 

To  understand  the  structure  of  the  backbone  it  is 
necessary  to  cut  transverse,  longitudinal,  and  horizontal 
sections  through  various  parts  of  it.    It  Avill  then  be  seen 


transverse  processes. 
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that  the  notochord  runs  continuously  through  the  whole 
column,  but  that  it  is  much  constricted  where  it  passes 
through  the  middle  of  the  centra,  and  expanded  between 
the  centra.  Thus,  if  the  column  be  cut  through  between 
two  vertebras,  the  soft  notochord  may  easily  be  brushed 
out  from  the  cut  ends,  and  it  then  appears  that  the  ends 
of  the  cartilaginous  vertebrae  are  deeply  hollowed  out 
where  they  meet  each  other.  Such  vertebra;  are  known 
as  biconcave,  and  examples  of  them  are  familiar  to  us  all 
in  the  backbones  of  common  bony  fish  like  herrings  or 
salmon.  The  successive  centra  are  united  to  each  other 
by  intervertebral  discs  of  connective  tissue.  The  whole 
of  the  cartilage  of  the  centra  is  hardened  by  deposits  of 
lime,  but  the  deposit  is  denser  towards  the  inside.  In 
many  cartilaginous  fish  the  highly-calcified  portions  of 
the  centra  form,  in  transverse  section,  a  regular,  usually 
X-shaped,  pattern. 

The  neural  arches  (Fig.  48)  are  complicated.  Their 
bases  are  formed  by  the  neural  processes,  blunt  pieces 
projecting  from  the  centra  at  each  side.  Firmly  attached 
to  each  neural  process  is  a  vertebral  neural  plate,  con- 
siderably narrower  than  the  neural  process  and  the 
centrum,  and  notched  at  its  posterior  border  for  the 
passage  of  the  ventral  root  of  the  spinal  nerve  (Fig.  48.  c). 
The  arches  are  completed  above  by  short  neural  spines 
(Fig.  48.  //).  But  these  are  not  arranged  so  as  to  give  one  for 
each  centrum,  but,  with  the  exception  of  occasional  irregu- 
larities, there  are  two  spines  for  each  centrum,  and  these 
meet  each  other  opposite  the  middle  of  the  centrum. 
Finally,  there  are  irregular  hexagonal  plates,  the  inter- 
vertebral neural  plates  (Fig.  48  /),  wedged  in  between 
the  vertebral  neural  plates  opposite  the  intervertebral 
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intervals.  The  posterior  border  of  each  is  notched  for  the 
dorsal  roots  of  the  spinal  nerves  (Fig.  48  h). 

The  skull  of  the  dogfish  remains  cartilaginous  through- 
out life.  It  is  a  shallow  oblong  box  deeply  scooped  at  the 
sides  where  the  eyes  are  lodged,  open  behind,  where'  the 


Fig.  48. — Lateral  view  of  Skull  of  Dog  fish.  N.C.  Nasal  capsule. 
A.C.  Audilory  capsule,  a.  Orbital  grooves  lodging  ophthalmic  branches 
of  fifth  and  seventh  nerves.  b.  Inter-orbital  canal.  c.  Post-orbital 
groove,  f.  Inter-vertebral  neural  plate,  k.  Neural  spine.  1.  Centrum 
with  verteliral  neural  plate  above  it.  d.  Pharyngo-branchial.  m.  Extra- 
brancliial.  n.  Epiinanchial.  0.  Ceratobranchial.  p.  Myomandibular. 
r.  Cerato-hyal.  s.  Prespiraciilar  ligament,  t.  Upper  jaw.  u.  Lower 
jaw.  X.  Ethmopalatine  ligament.  Nerve  Foramina.  II.  Optic. 
III.  Third  nerve.  IV.  Fourth  nerve.  V.  Main  branches  of  fifth  and 
seventh,  and  the  sixth  nerve.  V°.  Ophthalmic  branch  of  fifth  nerve. 
VIP.  Ophthalmic  branch  of  seventh.  IX  Ninth  nerve,  e.  Ventral 
root  of  spinal  nerve,    h.  Uorsal  root. 

brain  passes  into  the  spinal  cord,  incomplete  and  roofed 
over  only  by  the  outer  skin  in  two  regions  above.  The 
cartilaginous  capsules  containing  the  nasal  organs  are 
wedged  into  it  at  each  side  in  front,  and  the  similar  cap-^ 
sules  containing  the  organs  of  hearing  are  wedged  in  at^ 
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each  side  behind.  It  articulates  with  the  vertebral 
column  behind,  and  the  jaws  and  gill-arches  are  sus- 
pended below  it. 

The  ventral  surface  of  the  skull  is  formed  of  a  long  flat 
unsegmented  plate  of  cartilage  called  the  basi-cranium. 
The  notochord  lies  embedded  in  the  posterior  part  of  this. 
On  each  side  of  it  there  project  backwards  two  rounded 
occipetal  condyles  Avhich  articulate  with  the  centrum  of 
the  anterior  vertebra.  In  front,  the  basi-cranium  termi- 
nates in  a  narrow  pointed  bar  of  cartilage  lying  between 
the  olfactory  capsules. 

The  dorsal  surface  of  the  skull  shows  in  front  the  thin- 
walled  roofs  of  the  olfactory  capsules.  These  are  separated 
by  the  internasal  septum,  a  thin  wall  of  cartilage.  The 
apertures  of  the  nasal  capsules  are  on  the  ventral  surface, 
but  are  partly  filled  by  a  number  of  slender  nasal  carti- 
lages. From  each  olfactory  capsule  a  bar  of  cartilage 
runs  forwards,  downwards,  and  inwards,  until  the  two 
meet  at  a  point  with  the  anterior  end  of  the  base  of  the 
skull.  This  three-legged  projecting  piece  of  the  skull 
is  termed  the  rostrum.  Behind  the  rostrum  and  partly 
between  the  nasal  capsules  is  the  anterior  fontanelle. 
This  is  an  incomplete  portion  of  the  roof  of  the  cartila- 
ginous brain-box.  During  life  it  is  closed  by  a  delicate 
connective  tissue  roof  to  which  the  pineal  body  is  attached, 
and  which  is  protected  outside  only  by  the  outer  skin. 
Behind  the  nasal  capsules  the  sides  of  the  roof  extend 
as  thickened  ridges,  the  supra-orbital  crests,  which  over- 
hang the  orbits  like  eaves.  On  the  roof  of  the  skull, 
behind  and  to  the  outer  side  of  the  anterior  fontanelle, 
are  a  pair  of  small  apertures,  the  foramina  for  the  oph- 
thalmic nerves.   Through  them  pass  branches  of  the  fifth 
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and  seventh  nerves  in  their  course  from  the  orbit  to 
be  distributed  to  the  surface  of  the  olfactory  capsules. 
Behind  the  anterior  fontanelle  the  surface  of  the  skull 
widens  rather  suddenly  in  the  region  of  the  auditory  cap- 
sules. Between  these  is  a  depression  in  which  there  lie 
two  small  apertures,  each  of  which  is  the  entrance  to  a 
canal,  the  aqueductus  vestibuli,  leading  into  the  internal 
ear. 

Between  the  nasal  and  auditory  capsules  the  side  of  the 
skull  is  occupied  by  the  orbit,  a  large  oval  concavity  in 
which  lies  the  eyeball  and  its  muscles,  and  a  large  orbital 
blood  sinus.  The  orbito-nasal  foramen  is  a  small  round 
hole  just  Avithin  the  orbit  at  its  anterior  inferior  angle  ; 
through  it  the  veins  of  the  forepart  of  the  head  and  of  the 
snout  pass  to  the  orbital  sinus. 

The  aperture  of  the  inter-orbital  canal  is  a  small  round 
hole,  the  nearest  to  the  lower  border  of  several  lying  in 
the  posterior  part  of  the  orbit.  The  canal  passes  through 
the  base  of  the  skull  and  by  means  of  it  the  orbital  sinuses 
of  the  two  sides  are  in  communication.  From  the  hinder 
end  of  the  orbit  a  deep  post-orbital  groove  passes  back 
near  the  lower  margin  of  the  skull.  It  lodges  a  large 
venous  sinus  through  which  the  blood  from  the  orbital 
sinus  passes  to  the  anterior  cardinal  sinus.  Under  this 
groove  is  a  large  concave  depression,  the  articular  surface 
for  the  hyomandibular  cartilage. 

To  see  the  posterior  face  of  the  skull  it  must  be  dis- 
articulated from  the  vertebral  column.  The  foramen 
magnum  is  the  large  round  hole  by  which  the  brain  com- 
municates with  the  spinal  cord.  Below  it,  in  the  middle 
line,  lies  the  notochord,  and  on  each  side  of  this  lie  the 
occipital  condyles,  two  rounded  prominences  which  articu- 
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late  with  the  first  vertebra.  The  posterior  face  of  the 
skull  corresponds  to  a  vertebra  :  the  lower  part  containing 
the  notochord  and  bearing  the  condyles,  represents  the 
centrum  ;  the  ring  of  cartilage  surrounding  the  foramen 
magnum  represents  the  neural  arch. 

During  the  development  of  the  skull,  holes  are  left  in 
the  cartilage  through  which  the  cranial  nerves  pass  out 
from  the  brain.  The  position  of  these  nerve  foramina  is 
important,  and  should  be  studied  both  in  the  prepared 
skull  and  in  connection  with  the  dissection  of  the  nerves. 
They  are  paired,  and  those  of  one  side  only  are  described. 

I.  The  foramen  of  the  olfactory  nerve  is  a  large  aper- 
ture in  the  posterior  wall  of  the  nasal  capsule,  which, 
during  life,  is  closed  by  a  fenestrated  membrane. 

II.  The  foramen  for  the  optic  nerve  is  the  most  anterior 
of  the  large  holes  in  the  hinder  part  of  the  orbit.  It  hes 
near  the  lower  border,  almost  exactly  in  the  middle  of 
the  orbit. 

III.  The  foramen  for  the  third  nerve  is  a  small  hole  in 
the  orbit  a  little  above  the  optic  foramen,  and  hall  way 
between  it  and  the  posterior  end  of  the  orbit. 

IV.  The  foramen  for  the  fourth  nerve  is  a  small  liole 
near  the  dorsal  edge  of  the  orbit  almost  vertically  above 
the  optic  foramen. 

v.,  VI  ,  and  VII.  The  foramen  for  the  principal 
branches  of  the  fifth  and  seventh  nerves,  and  for  the 
sixth  nerve,  is  a  large  hole  in  line  with  the  optic  foramen, 
near  the  posterior  edge  of  the  orbit.  The  ophthalmic 
branches  of  the  fifth  and  seventh  nerves  leave  the  skull 
by  separate  holes  ;  two  grooves  run  along  the  upper  part 
of  the  orbit  ;  the  lower  groove  ends  behind  in  a  small  hole 
which  is  the  foramen  for  the  ophthalmic  branch  of  the  fifth 
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nerve  ;  the  upper  groove  similarly  ends  in  the  foramen 
for  the  ophthalmic  branch  of  the  seventh.  These  grooves 
meet  in  front  and  terminate  in  a  hole  by  which  the  oph- 
thalmic branches  leave  the  orbit  to  emerge  upon  the 
surface  of  the  skull. 

VIII.  The  auditory  nerve  enters  the  auditory  capsule 
through  a  hole  in  its  inner  wall. 

IX.  The  foramen  for  the  glossopharyngeal  nerve  is  at 
the  hinder  end  of  the  post-orbital  groove. 

X.  The  foramen  for  the  pneumogastric  or  vagus  nerve 
is  at  the  side  of  the  foramen  magnum,  below  and  to  the 
inner  side  of  the  posterior  end  of  the  auditory  capsule. 

THE  VISCERAL  ARCHES. 

In  the  embryo  dog-fish,  soon  after  the  gill-slits  have 
been  formed,  a  series  of  cartilaginous  hoops  or  arches 
encircling  the  ventral  side  appears  between  them  and  gives 
rise  to  the  jaws,  and  to  the  hyoid  and  branchial  arches. 
The  first  arch  gives  rise  to  the  lower  jaw,  from  which  the 
upper  jaw  is  an  outgrowth.  In  front  of  this  is  the  mouth, 
behind  it  the  two  spiracles.  The  second  arch  forms  the 
hyoid,  behind  which  is  the  first  gill-cleft.  Then  follow 
five  branchial  arches  with  the  remaining  four  gill-clefts 
between  them,  so  that  each  gill-slit  has  an  arch  in  front 
and  behind. 

The  first,  or  mandibular  arch,  is  greatly  modified  in  the 
adult  condition.  The  upper  part  of  the  arch  at  each  side 
is  represented  by  the  prespiracular  ligament,  a  strong 
fibrous  band  containing  a  nodule  of  cartilage.  This  band 
is  attached  above  to  the  anterior  border  of  the  auditory 
capsule,  and  below  to  a  ligament  uniting  the  angles  of  the 
upper  and  lower  jaws  to  the  hyomandibular  bar.  The 


THE  DOG-FISH 


lower  parts  of  the  first  bar  are  represented  by  two  flattened 
bars  of  cartilage  which  arc  united  by  ligament  in  front 
and  form  the  lower  jaw,  which,  for  the  greater  part  of  its 
dorsal  border,  bears  teeth.  The  upper  jaw  is  formed  of 
two  similar  curved  bars  which  are  united  by  ligament  to 
each  other  in  front,  and  which  are  firmly  attached  by 
ligaments  to  the  front  part  of  the  base  of  the  skull 
betwen  the  orbits  and  the  nasal  capsules.  The  posterior 
ends  of  the  upper  jaw  are  attached  by  ligament  to 
the  lower  jaw  and  to  the  hyomandibular  arch.  The 
upper  and  lower  jaws  move  on  each  other  by  rounded 
articular  surfaces.  The  greater  part  of  the  lower  border 
of  the  upper  jaw  bears  teeth.  The  second,  or  hyoidean 
arch,  consists  of  a  pair  of  rods  united  to  the  skull  above, 
and  with  their  ventral  ends  connected  by  a  median  plate 
of  cartilage.  The  upper  end  of  each  side  consists  of  a 
stout  bar  of  cartilage,  the  hyomandibular,  which  articulates 
with  a  concave  surface  on  the  side  of  the  skull  near  the 
hinder  end  and  immediately  below  the  post-orbital  groove. 
This  bar  is  called  the  suspensorium,  because  it  is  the  chief 
means  by  which  the  jaws  are  attached  to  the  skull.  The 
outer  end  of  the  hyomandibular  articulates  with  the 
second  part  of  the  arch,  the  ceratohyal.  This  is  a  slender 
bar  of  cartilage  running  forwards  and  inwards  on  the  floor 
of  the  mouth.  The  posterior  faces  of  these  two  parts  of 
the  second  arch  bear  gill-rays,  cartilaginous  bars  which 
support  the  gills.  The  basi-hyal  is  a  broad  ventral  plate 
of  cartilage  which  projects  forwards  on  the  floor  of  the 
mouth  and  connects  the  inner  and  lower  ends  of  the 
ccrato-hyals. 

The  five  succeeding  branchial  arches  diminish  in  size 
from  before  backwards.    Each  is  divided  into  four  seg- 
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ments  at  each  side.  The  pharyngobranchials  form  the 
dorsal  elements.  The  anterior  three  are  connected  by 
ligaments  with  their  fellows  of  the  other  side.  The 
posterior  two  of  each  side  are  small  and  are  fused.  The 
epibranchials  come  next,  and  form  the  outermost  pieces 
of  the  arches.  The  ceratobranchials  form  the  greater 
portion  of  the  arches  on  the  ventral  surface.  The  hypo- 
branchials,  which  are  turned  forwards  and  connected  with 
the  hyoid  in  the  first  arch  and  are  absent  in  the  last,  form 
the  ventral  ends  of  the  arches. 

The  basibranchial  is  a  median  plate  in  the  posterior 
part  of  the  ventral  floor  of  the  pharynx,  connected  with 
the  hypobranchials  of  the  third  and  fourth  arches,  and 
with  the  ceratobranchials  of  the  fifth. 

Gill-rays  are  borne  by  the  ceratobranchials,  and  by  all 
but  the  hindmost  epibranchials. 

The  exact  shape  and  modes  of  fusion  of  the  different 
branchial  elements  in  the  dog-fish  are  of  no  importance 
unless  one  is  studying  the  anatomy  of  a  number  of  dif- 
ferent fishes.  For  while  the  elements  of  the  branchial 
arches  are  similar  in  most  fishes,  the  details  of  arrange- 
ment and  shape  differ  widely. 

The  extra-branchials  are  three  pairs  of  curved  rods 
lying  outside  the  third,  fourth,  and  fifth  branchial  arches. 

SKELETON  OF  THE  FINS. 

The  pectoral  girdle  is  a  flattened  hoop  of  cartilage  lying 
on  the  ventral  surface  immediately  under  the  heart,  its 
anterior  dorsal  surface  being  hollowed  out  to  receive  the 
ventricle.  The  outer  border  of  each  side  bears  three 
articular  facets  closely  set  together,  to  which  the  carti- 
lages of  the  fin  are  attached.    These  articular  surfaces 
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divide  the  girdle  into  a  median  ventral  portion,  which 
may  be  called  the  coracoid,  and  upper  free  ends  which 
extend  towards  the  backbone  but  do  not  meet  it,  and 
which  may  be  called  the  scapular  portions. 

The  skeleton  of  the  fin  consists  of  three  basal  cartilages 
articulating  with  the  girdle,  and  a  number  of  closely-set 


Fig.  49.— Pectoral  and  rdvic  Girdles  of  Dog-fish  with  Fins; 
Cartilage  dotted.  Pectoral  Girdle  :  S.  Scapular  region.  C.  Coracoid 
regions  united  ventrally.  A.  Acetabulum.  B.  Three  basal  cartilages. 
F.  Fin.  Pelvic  Girdle  :  IL.  Iliac  region.  I.  P.  Ischiopubic  regions 
united  ventrally.  A.  Acetabulum.  B.  Basal  cartilage.  CL.  Claspers. 
F.  F.  Fins. 

cartilaginous  fin-rays  radiating  out  from  the  ends  of  the 
basal  cartilages. 

The  pelvic  girdle  is  much  smaller  than  the  pectoral 
girdle,  and  is  placed  a  short  distance  in  front  of  the  cloaca. 
It  is  divided  into  upper  and  lower  regions  by  the  articular 
surface  for  the  fins.  The  upper  or  iliac  portions  are  ex- 
cessively short,  and  have  hardly  any  curve  upwards.  The 
ventral  or  ischio -pubic  portions,  like  the  coracoid  regions 
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of  the  anterior  girdle,  are  fused  together  in  the  middle 
hoe. 

Tlie  skeleton  of  the  pelvic  fins  consists  of  a  stout 
curved  basal  rod  articulating  with  the  girdle  at  one  end 
and  lying  on  the  inner  edge  of  the  fin.  On  its  outer 
surface  it  bears  a  number  of  cartilaginous  fin-rays,  the 
anterior  one  or  two  of  which  may  articulate  directly  with 
the  pelvic  girdle. 

In  the  male  a  stout  jointed  rod  of  cartilage,  the  skeleton 
of  the  clasper,  articulates  with  the  posterior  end  of  the 
basal  rod  of  each  fin. 

DISSECTION  OK  THE  VISCERA. 

The  dog-fish  must  be  laid  on  its  back  on  a  dissecting 
board,  and  pinned  down  through  the  fins.  The  pectoral 
and  pelvic  girdles  can  be  felt  through  the  skin,  each 
girdle  being  situated  a  short  distance  in  front  of  the  pair 
of  fins  attached  to  it.  The  abdominal  cavity  must  be 
opened  by  a  median  ventral  incision  through  the  skin 
and  underlying  muscles,  reaching  from  behind  the 
pectoral  girdle  to  the  pelvic  girdle.  Incisions  at  right 
angles  to  the  first  cut  must  be  made  as  close  as  possible 
to  the  posterior  margin  of  the  pectoral  girdle,  and  the 
flaps  so  formed  must  be  pinned  back  so  as  to  expose  the 
cavity  widely.  The  pelvic  girdle  must  be  cut  through 
in  the  middle  line,  and  the  incision  continued,  a  little  to 
the  right  of  the  middle  line,  to  the  level  of  the  cloacal 
aperture.  This  is  the  most  convenient  method  of  dis- 
secting the  dog-fish,  but  if  the  student  has  opportunity  it 
is  useful  to  dissect  a  second  fish  from  the  right  or  left  side. 

The  abdominal  cavity,  in  which  are  contained  the 
greater  part  of  the  viscera,  is  the  chief  division  of  the 
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coelome  in  the  adult,  and  the  only  part  in  the  posterior 
division  of  the  body.  In  front,  the  coelome  is  represented 
by  the  pericardium,  which  contains  the  heart,  and  the 
two  parts  of  the  ccelome  communicate  by  a  small  median 
pericardio-coelomic  canal.  Posteriorly,  the  body  cavity 
usually  communicates  with  the  exterior  by  the  small 
abdominal  pores,  but  these  occasionally  are  blind  sacs, 
and  are  not  known  to  be  of  any  physiological  importance. 
The  coelome,  then,  is  practically  a  closed  cavity,  and  unlike 
the  body-cavity  of  the  worm,  contains  only  a  very  small 
quantity  of  serous  fluid,  devoid  of  corpuscles.  The  cavity 
is  lined  internally  by  the  peritoneum,  a  smooth  glistening 
membrane.  The  viscera  in  reality  are  outside  the  peri- 
toneum ;  they  bulge  into  it,  as  a  man  leaning  against  the 
outside  of  a  tent  bulges  into  the  interior  of  the  tent, 
pushing  the  canvas  wall  before  him.  In  the  case  of  the 
coelome,  however,  the  bulging  goes  on  so  far  that  the 
folds  of  the  peritoneum  in  which  the  organs  lie  meet 
above  the  organs.  Viewed  from  the  inside  therefore, 
when  one  has  opened  the  cavity  as  directed,  the  organs 
seem  suspended  in  the  coelome  by  delicate  folds.  These 
folds  form  the  mesentery  which  is  naturally  double  as  it 
is  formed  by  the  applied  walls  of  the  peritoneum  meeting 
above  the  inpushed  organs.  The  blood-vessels  also  lie 
outside  the  coelome,  and  their  branches  to  the  organs  run 
down  between  the  walls  which  form  the  mesentery.  The 
peritoneum  is  very  thin  and  transparent,  and  cannot  be 
seen  over  many  of  the  organs,  except  in  microscopic  pre- 
parations, while  over  the  genital  organs  and  kidneys  it 
cannot  be  traced  as  a  separate  layer,  as  a  large  part  of 
these,  as  in  the  case  of  the  earthworm,  is  formed  from  the 
coelomic  wall  it.self. 

14 
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The  alimentary  canal  is  a  tube  nearly  straight  from  the 
mouth  to  the  anus.  The  mouth  and  pharynx  will  be 
considered  later.  The  oesophagus  is  a  wide  tube  which 
enters  the  abdominal  cavity  at  the  anterior  end,  and  is 
suspended  in  it  by  the  mesentery  which  is  incomplete  at 
intervals. 

The  anterior  end  passes  at  once  into  the  wider  U 
shaped  stomach,  which  is  partly  concealed  by  the  large 
brown  liver.  The  proximal  limb  of  the  stomach,  into 
which  the  oesophagus  opens,  passes  nearly  to  the  posterior 
end  of  the  abdomen,  and  then  bends  round  sharply  to 
form  the  shorter,  narrower,  distal  limb  which  runs  for- 
wards and  narrows  till  it  passes  into  the  intestine,  from 
which  it  is  separated  by  a  pyloric  thickening.  The 
intestine  runs  straight  back  to  the  cloaca.  The  middle 
and  longest  part  of  the  intestine  is  very  wide  and  is 
marked  spirally  by  blood-vessels  which  correspond  to  the 
line  of  attachment  of  the  spiral  valve,  an  internal  fold. 
The  posterior  end  is  narrower  and  is  called  the  rectum. 
The  intestine  should  be  slit  open  along  its  length  and 
washed  out.  The  spiral  valve  is  then  seen  as  a  mem- 
branous fold  extending  far  into  the  cavity  of  the  intestine 
and  running  spirally  round  it  for  several  turns.  Like  the 
typhlosole  of  the  earthworm,  it  is  an  arrangement  which 
increases  the  absorbtive  surface  of  the  intestine. 

The  liver  is  a  large,  solid,  brown  organ,  consisting  of 
right  and  left  lobes  united  in  front,  and  extending  back- 
wards nearly  to  the  posterior  end  of  the  abdomen. 
Anteriorly,  it  is  attached  to  the  wall  of  the  coelome  by  a 
median  suspensory  ligament.  It  is  an  important  organ 
present  in  all  vertebrates,  and  has  several  distinct 
functions.     First,  it  serves  as  a  storehouse  of  reserve 
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material  which  is  drawn  upon  by  the  body  in  times  of 
need.  The  nutritive  value  of  the  material  stored  up  in 
the  liver  is  familiar  from  the  use  in  medicine  of  cod-liver 
oil.  Next,  it  is  an  organ  which  secretes  nitrogenous  waste 
matter.  In  this  respect  it  may  be  compared  with  the 
chloragogen  cells  covering  the  intestine  of  the  earthworm. 
In  the  case  of  the  liver,  however,  the  waste  matter  is  first 
separated  from  the  blood  and  then  returned  to  it  in  the 
form  of  urea  or  of  a  closely  allied,  nitrogenous  substance, 
and  is  finally  removed  from  the  body  by  the  kidneys. 
Thirdly,  the  liver  is  adigestive  gland  which  secretes  the  bile. 

The  gall-bladder  is  a  large,  thin-walled  sac,  embedded 
in  the  left  lobe  of  the  liver  near  its  anterior  end.  It 
receives  several  short  ducts  from  the  liver,  by  which  part 
of  the  secretion  of  bile  reaches  it.  The  bile  duct  is  a  stout 
tube  which  leaves  the  gall-bladder,  afterwards  receiving 
several  short  ducts  from  the  lobes  of  the  liver,  and  run- 
ning back  in  the  mesentery  to  enter  the  intestine  at  the 
commencement  of  the  spiral  valve. 

The  pancreas  is  a  whitish,  laterally  compressed  organ 
occupying  the  angle  between  the  intestine  and  the 
stomach,  behind  the  pylorus.  The  digestive  juice  formed 
in  it  leaves  it  by  the  pancreatic  duct,  which,  starting  from 
the  ventral  side  of  the  pancreas,  runs  into  the  ventral 
wall  of  the  intestine,  and  about  half  an  inch  from  where 
it  enters  the  wall,  opens  into  the  cavity  of  the  intestine, 
beside  the  attachment  of  the  spiral  valve. 

The  rectal  gland  is  a  dark-red,  thick-walled,  tubular 
gland  lying  in  the  abdominal  cavity  above  the  rectum. 
A  narrow  duct  leaves  its  posterior  end  and  opens  into  the 
rectum.  The  function  of  this  gland  is  not  known,  and  it 
is  not  found  in  the  higher  vertebrates. 
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The  spleen  is  a  dark-red  body  attached  to  the  posterior 
part  of  the  loop  of  the  stomach,  and  has  a  narrow  lobe 
running  forwards,  closely  applied  to  the  distal  limb  of  the 
stomach,  It  is  a  ductless  gland  present  in  all  vertebrates. 
It  receives  a  very  rich  supply  of  blood,  and  belongs  to  the 
vascular  system  rather  than  to  the  alimentary  system,  its 
chief  function  probably  being  the  destruction  of  used-up 
and  damaged  red  corpuscles. 

The  respiratory  system.  The  gills  must  be  examined 
by  slitting  open  the  gill-slits  by  cuts  extending  above  and 
below  the  external  openings.  Each  slit  leads  into  a 
wider  and  longer  cavity,  in  which  the  highly  vascular 
gill-filaments  hang  from  the  walls.  The  inner  end  of  the 
cavity  communicates  with  the  internal  cavity  of  the 
pharynx  by  apertures  guarded  by  cartilaginous  processes 
of  the  gill-bars  which  prevent  the  entrance  of  food  with 
the  water.  The  gills  are  folds  of  the  mucous  membrane  ; 
they  are  borne  on  the  posterior  surface  of  the  hyoid  arch 
and  on  the  anterior  and  posterior  surfaces  of  the  four 
following  arches,  but  not  on  the  last  arch.  The  anterior 
wall  of  the  spiracle  bears  a  rudimentary  gill,  called  the 
pseudobranch. 

THE  CIRCULATORY  SYSTEM. 

The  heart  is  a  muscular  tube  bent  on  itself,  and  lying 
within  the  pericardial  cavity  in  the  ventral  anterior  region 
of  the  body  between  the  gills.  The  contractions  of  the 
heart  drive  the  blood  forwards  through  the  anterior  end 
into  branches  which  lead  to  the  gills.  In  these  the  blood 
discharges  carbonic  acid  into  the  water  passing  out 
through  the  slits,  and  takes  up  oxygen.  The  blood,  thus 
purified,  leaves  the  gills  by  vessels  which  meet  to  form  a 
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large  median  vessel,  the  systemic  or  dorsal  aorta,  which 
runs  along  the  body  above  the  alimentary  canal,  and  gives 
off  branches  to  the  diflFerent  organs.  In  these,  the  blood 
gives  up  oxygen  to  the  cells  of  the  tissues  and  receives 
carbonic  acid,  and  then  leaves  them  by  small  vessels  which 
meet  to  form  the  large  thin  walled  venous  sinuses,  which 
lead  it  back  to  the  heart,  entering  by  the  posterior  end. 
The  circulatory  system  is  therefore  a  closed  system  of 
tubes  through  which  the  shocks  given  by  the  contractions 
of  the  heart  are  sufficient  to  keep  the  blood  moving.  The 
arteries,  or  tubes  leading  from  the  heart  to  the  gills,  and 
from  these  through  the  systemic  aorta  and  its  branches  to 
the  tissues,  are  narrow  and  thick-walled,  and  therefore 
very  little  of  the  momentum  given  by  the  beats  of  the 
heart  is  lost.  The  veins  are  much  roomier  cavities 
through  which  the  blood  percolates  more  sluggishly  on 
its  returning  course.  In  addition  to  carrying  oxygen  and 
carbonic  acid  and  so  serving  the  respiration  of  the  tissues, 
the  blood  serves  the  nutrition  of  the  tissues.  It  picks  up 
nutritive  materials  from  the  intestine,  and  allows  the  cells 
of  the  tissues  to  absorb  what  they  require  from  these.  It 
also  serves  excretion  by  receiving  nitrogenous  waste  from 
the  tissues,  and  carrying  it  to  the  liver  and  the  kidneys. 
The  exact  share  of  these  organs  in  the  formation  of  urea,  in 
the  case  of  the  dog-fish,  is  unknown  ;  but  between  them, 
urea  is  separated  from  the  blood  and  is  discharged  from 
the  body  by  the  kidneys.  The  blood  consists  of  a  fluid 
plasma  containing  white  and  red  corpuscles.  The  white 
corpuscles  are  amceboid  cells,  one  important  function  of 
which  is  the  ingestion  and  destruction  of  microbes  and 
other  foreign  bodies  which  have  found  their  way  into  the 
system.  The  white  corpuscles  can  pass  through  the  walls 
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of  the  vessels,  and  so  migrate  into  the  tissues.  The  red 
corpuscles  are  oval,  nucleated  cells  tinged  red  with 
heemoglobin.  Their  chief  function  is  to  carry  oxygen 
from  the  gills  to  the  tissues. 

The  pericardial  cavity  should  be  opened  by  an  incision 
in  the  mid-ventral  line  in  front  of  the  pectoral  girdle. 
Care  must  be  taken  not  to  injure  the  heart,  which  lies 
within  it.    When  it  has  been  opened,  the  ventral  wall 
should  be  cut  away  so  as  to  expose  the  heart  fully,  a 
small  piece  being  also  cut  out  of  the  middle  of  the 
pectoral  girdle.    The  ventricle,  a  thick- walled  globular 
tube,  is  the  most  ventral  and  conspicuous  part  of  the 
heart.  Passing  forwards  from  this  to  the  front  wall  of  the 
pericardium,  through  which  it  passes,  is  the  conus  arteri- 
osus, which  narrows  as  it  becomes  the  cardiac  aorta. 
The  auricle  is  a  thin-walled  sac  occupying  the  dorsal 
part  of  the  pericardial  cavity,  and  running  forwards  from 
its  opening  into  the  ventricle.    It  slightly  overlaps  the 
ventricle  at  the  sides.    The  sinus  venosus  is  the  most 
posterior  part  of  the  heart,  and  is  a  thin-walled  tube, 
running  from  above  the  front  end  of  the  auricle  to  the 
posterior  wall  of  the   pericardium,  through  which  it 
passes  and  then  exjiands  again  to  form  the  extra-peri- 
cardial  part  of  the  sinus.    Above  the  sinus  venosus,  in 
the  posterior  wall  of  the  pericardium,  is  the  opening 
of  the  pericardio-coelomic  canal,  which  opens  into  the 
abdominal  cavity  about  an  inch  behind  the  pericardium. 

After  the  blood  vessels  have  been  dissected,  the  heart 
should  be  removed  along  with  the  pericardium  and  part 
of  the  floor  of  the  mouth,  and  cut  open,  washed  out  and 
examined  carefully.  The  ventricle  must  be  opened  by 
cutting  away  the  lower  part  of  its  wall  ;  it  is  seen  to  be 
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thick-walled  and  muscular,  and  to  contain  only  a  small 
globular  cavity.  The  cavity  of  the  conus  arteriosus, 
opened  by  a  ventral  slit  prolonged  from  the  opening 
made  into  the  ventricle,  is  seen  to  be  guarded  by  a  set 
of  three  valves  near  the  ventricle,  and  by  another  set 
of  three  slightly  in  front.    These  are  arranged  so  as  to 


Fig.  50. — Heart  of  Dog-fish.  To  the  left,  ventral  view,  pericardium 
opened  :  pericardial  cavity,  black.  BA.  Conus  arteriosus.  A.  Auricle. 
V.  Ventricle.  SV.  Sinus  venosus  within  pericardium.  SV.  Sinus 
venosus  outside  pericardium.  L.  Liver.  To  the  right,  longitudinal 
vertical  section  :  cavity  of  pericardium  and  of  heart,  black.  P.  Peri- 
cardium. PC.  Canal  from  pericardium  to  ca-lome.  A.  Conus 
arteriosus,  at  the  root  of  which  arc  two  pairs  of  valves  ;  this  leads  into 
thick-walled  ventricle  (V  wall),  which  is  open  above  to  thin-walled 
auricle  which  communicates  behind  with  sinus  venosus  (SV)  passing 
outside  pericardium. 

prevent  the  regurgitation  of  the  blood  into  the  ventricle. 
The  opening  of  the  ventricle  into  the  auricle  is  a  trans- 
verse slit  in  the  posterior  part  of  the  roof  of  the  ventricle, 
guarded  by  a  two-lipped  valve,  which  prevents  blood 
from  passing  back  again  to  the  auricle  during  the  con- 
traction of  the  ventricle.  The  cavity  of  the  auricle  must 
be  opened  by  cutting  through  the  anterior  and  lateral 
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borders,  and  turning  back  the  flap  thus  made  of  its  floor. 
Tlie  walls  are  thin,  and  possess  radiating  muscular  bands. 


Fig.  51. — Diagram  of  .Venous  Blood  Channels  in  Dog-fish.  1. 
Anterior  orbital  sinus  connnunicating  with  its  fellow  of  the  other  side 
by  inter-orbital  canal.  2.  Post-orbital  sinus.  3.  Ilyoid  sinus.  4.  An- 
terior cardinal  sinus.  5.  Jugular  sinus.  Between  the  two  lie  the 
Cuvierian  sinuses,  meeting  in  the  middle  line.  6.  Hepatic  sinus. 
7.  .Subclavian  vein.  8.  Lateral  vein.  9.  Posterior  cardinal  sinus  ;  the 
two  are  in  close  connection  behind  and  pass  back  to  kidney.  0.  Genital 
sinus.  11.  Caudal  vein.  g.  Renal  portal  vein.  f.  Kidney,  e.  Liver, 
c.  Intestinal  portal  vein.  d.  Splenic  portal  vein.  b.  Cardiac  aorta, 
a.  Aflerent  branchial  arteries. 

which  cause  the  contraction  by  which  the  blood  is  forced 
into  the  ventricle.    The  aperture  into  the  sinus  venosus 
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is  a  vertical  slit  in  the  posterior  wall  ;  the  cavity  of  this 
is  spacious,  and  the  walls  have  a  feeble  network  of 
muscles.  It  opens  by  a  wide  aperture  into  the  extra- 
pericardial  part  of  the  sinus,  and  receives  the  small 
cardiac  sinus,  by  which  blood  is  returned  from  the  tissues 
of  the  heart  itself. 

The  veins  are  spacious  thin-walled  channels  forming 
irregular  sinuses  rather  than  vessels.  They  must  be 
dissected  by  opening  the  ventral  wall  of  the  sinus  venosus, 
washing  out  the  contained  blood,  passing  seekers  into 
the  apertures  of  the  sinuses,  and  then  slitting  open 
their  ventral  walls  and  washing  out  the  contained 
blood. 

The  hepatic  sinuses  open  into  the  sinus  venosus  by  a 
pair  of  apertures  near  the  dorsal  part  of  the  posterior 
wall  on  each  side  of  the  middle  line.  They  return  the 
blood  from  the  liver,  and  lie  close  together  between  the 
liver  and  the  pericardium. 

The  Cuvierian  sinuses  are  the  lateral  contiimations 
of  the  extrapericardial  part  of  the  sinus  venosus.  They 
curve  upwards,  lying  closely  applied  to  the  inner  side  of 
the  posterior  branchial  arches. 

The  inferior  jugular  sinus  at  each  side  opens  into  the 
middle  of  the  Cuvierian  sinus.  They  run  forwards  along 
the  outer  wall  of  the  pericardium,  and  in  the  floor  of  the 
mouth. 

The  great  anterior  cardinal  sinus  of  each  side  opens 
into  the  dorsal  end  of  the  Cuvierian  sinus  by  a  small  hole, 
guarded  by  a  valve  with  two  flaps.  Each  extends  for- 
wards as  a  wide,  very  irregular  space  lying  above  the  gill 
arches.  At  tlie  level  of  the  hyoid  arch  each  receives  a 
hyoidean  sinus,  a  narrower  venous  channel  which  runs 
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down  a  groove  in  the  hyo-mandibular  cartilage  until  it 
meets  the  jugular  sinus. 

The  post-orbital  sinus  is  a  narrower  channel  at  each 
side,  which  runs  from  the  anterior  end  of  the  anterior 
sinus,  over  the  spiracle,  under  the  side  of  the  auditory 
capsule,  to  open  into  the  very  large  orbital  sinus,  which 
surrounds  the  eye  and  communicates  with  its  fellow  of 
the  other  side  through  the  interorbital  canal. 

The  posterior  cardinal  sinus  of  each  side  extends  from 
the  summit  of  the  Cuvierian  sinus  as  a  sac,  nearly  an 
inch  in  width,  lying  first  at  the  side  and  then  above 
the  alimentary  canal.  It  communicates  by  many  small 
openings  with  its  fellow  of  the  other  side.  When  they 
reach  the  kidneys,  the  sinuses  narrow  considerably,  and 
pass  backwards  between  them,  giving  off  numerous  renal 
veins.  Into  each  sinus  opens  first  the  subclavian  vein, 
which  returns  blood  from  the  region  of  the  pectoral  fin  ; 
then  the  lateral  vein,  which  returns  blood  from  the  side 
of  the  body  wall ;  and  lastly,  the  genital  sinus,  which 
surrounds  the  genital  organs. 

The  liver  and  the  kidneys  are  organs  which  receive 
not  only  supplies  of  arterial  blood  like  all  the  organs  and 
tissues,  but  a  special  supply  of  blood  on  account  of  their 
special  functions.  For  the  latter  purpose,  both  liver  and 
kidneys  receive  a  special  supply  of  blood  taken  to  them 
by  veins.  These  arrangements  are  called  portal  systems, 
and  their  distinctive  feature  is  that  veins  break  up  into 
small  vessels  which  ramify  through  the  tissues  in  ques- 
tion ;  whereas  veins  in  other  cases  do  not  break  up  into 
smaller  vessels  on  their  way  from  the  organs  to  the  heart, 
their  special  business,  so  to  speak,  being  to  take  back  the 
impure  blood  to  the  heart  without  loitering  by  the  way. 
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The  hepatic  portal  vein  is  formed  by  the  union  of  a 
vein  from  the  spleen  with  a  large  vein  which  returns  the 
blood  from  the  intestine.  The  portal  vein  breaks  up 
into  a  series  of  irregular  capillaries  in  the  liver. 

The  blood  from  the  tail  is  returned  by  a  median  caudal 
vein,  which  runs  through  the  haemal  arches.  Just 
behind  the  kidneys  it  divides  into  two  branches,  which, 
after  receiving  small  veins  from  the  body  wall,  run  along 
the  dorsal  surfaces  of  the  right  and  left  kidneys,  and 
gradually  break  up  into  vessels  which  pass  into  the 
kidneys. 

The  arteries,  on  account  of  their  smaller  calibre  and 
thicker  walls,  can  be  dissected  without  opening  them  ; 
but  it  is  convenient  to  inject  them  from  the  conus 
arteriosus,  and  from  the  caudal  artery. 

The  aortic  arches,  through  which  the  venous  blood 
is  pumped  from  the  conus  arteriosus,  are  termed  the 
afferent  branchial  vessels.  The  cardiac  aorta,  the  forward 
continuation  of  the  conus  arteriosus,  runs  for  about 
an  inch  in  front  of  the  pericardium,  forking  to  form 
the  anterior  two  pairs  of  afferent  branchial  vessels  ;  the 
first  of  these  run  along  the  hyoid  arch,  breaking  up  into 
vessels  which  supply  the  gill  on  the  posterior  face  of  the 
hyoid,  while  the  second  pair  run  along  the  outer  border 
of  the  first  branchial  arch,  giving  off  branches  to  the  gills 
lying  on  the  anterior  and  posterior  surfaces  of  these. 
The  third,  fourth,  and  fifth  afferent  vessels  run  similarly 
along  the  second,  third,  and  fourth  arches,  giving  supply 
to  the  gills  on  the  anterior  and  posterior- surfaces  of 
these.  The  last  arch,  which  bears  no  gill,  has  no  afferent 
vessel. 

The  efferent  branchial  arteries. — A  complete  arterial 
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loop  surrounds  each  of  the  four  anterior  gill-sUts,  and 
collects  the  blood  from  the  gills  on  their  anterior  and 
posterior  faces.    The  posterior  slit,  which  has  a  gill  only 


Fig.  52. — ^Diagram  of  gill-slits  and  xVi  teries.  I.-V.  Ciiil-cavities  :  tlie 
gill  filaments  are  in  white.  A.  Systemic  or  dorsal  aorta.  E.  Posterior 
efferent  branchial  vessel.  C.E.  External  carotid.  C.I.  Internal  carotid 
artery. 

on  its  anterior  face,  returns  its  blood  by  a  single  vessel, 
which  joins  the  dorsal  end  of  the  fourth  loop.  Cross 
vessels  connect  the  four  anterior  loops,  and  a  longitu- 
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dinal  vessel,  not  represented  in  the  figure,  connects  their 
ventral  ends.  From  the  dorsal  ends  of  the  four  anterior 
loops,  four  epibranchial  arteries  run  inwards  and  back- 
wards, and  unite  to  form  the  dorsal  aorta,  which  runs 
back  along  the  whole  length  of  the  body  under  the  back- 
bone to  the  root  of  the  tail,  where  it  enters  the  haemal 
arches. 

The  carotid  artery  of  each  side  arises  from  the  dorsal 
end  of  that  part  of  the  first  loop  which  comes  from  the 
hyoid  gill.  It  runs  forwards  and  inwards  along  the 
ventral  surface  of  the  skull  to  the  posterior  border  of  the 
orbit,  where  it  divides  into  an  external  carotid  which 
runs  forward  to  supply  the  jaws  and  the  snout,  and  an 
internal  carotid  which  runs  inwards  and  forwards  along  a 
groove  in  the  ventral  surface  of  the  skull  until  it  meets 
its  fellow  of  the  other  side  in  the  middle  line,  when  the 
common  vessel  passes  through  a  foramen  into  the  brain. 

The  hyoidean  artery  runs  from  the  ventral  end  of  the 
anterior  part  of  the  first  efferent  loop  to  supply  the 
spiracle,  and  also  sends  a  small  vessel  into  the  brain 
through  a  foramen  immediately  in  front  of  the  inter- 
orbital  foramen  in  the  orbit. 

Branches  of  the  dorsal  aorta. 

The  subclavian  artery  of  each  side  leaves  the  dorsal 
aorta  between  the  third  and  fourth  epibranchial  vessels, 
and  runs  backwards  and  outwards  to  the  pectoral  fins. 

The  coeliac  artery  is  a  large  median  vessel  which 
leaves  the  ventral  side  of  the  aorta  shortly  behind  the 
last  pair  of  epibranchials,  and  divides  into  an  artery  for 
the  stomach  and  liver  and  one  for  the  intestine  and  the 
pancreas. 

The  mesenteric  artery  is  a  median  vessel  supplying  the 
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intestine  and  rectum,  and  arising  about  two  inches  behind 
the  coeliac  artery. 

The  lieno-gastric  artery  leaves  the  aorta  immediately 
behind  the  mesenteric  artery.  It  supplies  the  posterior 
limb  of  the  stomach  and  the  spleen. 

The  posterior  mesenteric  artery  leaves  the  aorta  in 
front  of  the  anterior  end  of  the  rectal  gland  which  it 
supplies. 

The  parietal  arteries  are  small,  paired  vessels  Avhich 
leave  the  aorta  at  intervals  all  along  its  course  and 
supply  the  body- wall. 

The  renal  arteries  are  small,  paired  arteries  which  run 
from  the  aorta  into  the  kidneys. 

The  iliac  arteries  leave  the  aorta  near  the  posterior 
end  of  the  abdominal  cavity,  and  one  runs  to  each  pelvic 
fin. 

THE  RENAL  AND  REPRODUCTIVE  SYSTEMS. 

In  vertebrates,  the  excretory  and  reproductive  systems 
are  closely  connected,  and  to  understand  the  complicated 
relations  that  exist  between  them,  it  is  necessary  to  know 
something  of  the  way  in  which  the  two  sets  of  organs 
are  developed.  The  reproductive  organs,  the  ovaries  in 
the  females,  the  testes  in  the  males,  arise  as  modified 
patches  of  the  dorsal  wall  of  the  coelome.  In  some 
animals,  especially  in  cases  like  the  common  dog-fish,  or 
as  in  birds,  where  the  eggs,  on  account  of  the  bulk  of 
food-yolk  contained  in  them,  are  very  large,  only  one 
ovary  is  present  in  the  adult  condition  ;  but  typically, 
there  is  one  pair  of  testes,  and  one  pair  of  ovaries.  The 
eggs  or  spermatozoa  when  ripe  would  therefore  fall  into 
the  body-cavity.     The  primitive  kidney  consists  of  a 
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series  of  nephridia  arranged  segmentally,  so  that  there  is 
one  pair  for  every  segment  of  the  body.  The  other  ends 
of  the  nephridial  tubes  open  into  a  longitudinal  duct, 
called  the  segmental  duct,  which 
runs  back  to  open  to  the  exterior 
by  the  cloaca.  Such  a  condi- 
tion is  represented  in  Fig.  53, 
the  nephridia  only  of  one  side 
being  represented  completely. 
On  each  nephridium,  between 
the  funnel  and  the  opening  into 
the  segmental  duct,  there  is  a 
cup  -  shaped  protuberance  in 
which  a  coil  of  blood  vessels 
ramifies,  represented  in  the 
figure  for  the  sake  of  simplicity 
as  coming  only  from  the  aorta 
the  renal  portal  system  being 
neglected.  Such  simple  neph- 
ridia by  the  funnels  would  re- 
move waste  matter  from  the 
ccelome,  and  along  with  this 
the  ripe  genital  products  dis- 
charged from  the  genital  glands  ; 
while  from  the  blood  in  the 
cup-shaped  protuberances  they 
would  extract  waste  material. 
In  the  actual  development  of 
vertebrates  such  a  series  of 
paired  nephridia  leading  into  a  segmental  duct  occurs  ; 
but  this  is  rapidly  followed  by  that  feature  of  coelo- 
mate  development  which   in   Chap.  XIII.   we  called 


Fig.  53.  —  Diagram  of 
primitive  Kidney.  A.  Sy- 
temic  aorta  which  sends 
branches  ramifying  in  the 
cup  of  each  nephridium. 
B.  Nephridial  funnels.  S. 
Segmental  duel.  C.  Cloaca 
with  apertures  of  ducts. 
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condensation  of  segmentation.  The  series  of  nephridia 
is   broken   up    into   three   groups,  and  the  original 


met 


Fio.  54. — Excretory  and  Genital  Organs  of  Dog-fish.  The  niidclle 
figure  is  the  common  type  ;  to  the  left  the  female,  to  the  right  the 
male.  A.  Aorta.  Mes.  Mesonephros.  Met.  Mctanephros.  P.  Pro- 
nephric  duct.  W.  Mesonephric  duct.  Ur.  Metanephric  duct.  G. 
Genital  organ.  C.  Cloaca.  U.  Urinogenilal  aperture.  In  the  female, 
P,  oviduct  with  shell  gland  near  the  summit.  0.  Common  opening  of 
oviducts  into  coelome.  OV.  The  single  ovary.  S.  Urinary  sinus  into 
which  mesonephric  ducts  and  ureters  open.  In  the  male,  the  testis  (T) 
of  one  side  has  been  removed.  P.  Rudimentary  pronephric  duct  with 
O,  opening  into  coelome.  V.E.  Vasa  effercntia.  V.S.  Vesicula 
seminalis  (mesonephric  duct).  SS.  Sperm  sac,  in  the  lower  end  of 
which  are  seen  the  openings  of  V.E.  and  of  Ur  immediately  under  the 
reference  letters  SS. 


single  segmental  duct  is  replaced  or  divided,  so  that  a 
separate  duct  is  formed  for  each  group.    The  middle 
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drawing  in  Fig.  54  represents  this.  The  anterior 
group  of  nephridia  is  called  the  pronephros  or  head 
kidney,  and  its  duct  is  called  the  pronephric  duct.  In 
the  dog-fish  the  nephridial  tubules  of  the  pronephros  do 
not  appear,  and  therefore  they  are  merely  dotted  in  the 
figure  ;  but  their  duct,  the  pronephric  duct,  which,  as  it' 
frequently  is  the  remains  of  the  original  duct,  is  often 
called  the  segmental  duct,  does  appear  at  each  side. 
The  second  division  of  nephridia  is  called  the  meso- 
nephros,  and  its  duct  is  the  mesonephric  duct,  or  from' 
the  name  of  its  discoverer,  the  Wolffian  duct.  The  pos- 
terior group  is  called  the  metanephros,  or  last  kidney,  and 
its  duct  is  the  metanephric  duct  or  ureter,  as  in  most 
kidneys  the  metanephros  is  the  only  functional  kidney  of 
the  adult,  and  the  metanephric  duct  is  that  by  which 
the  urine  is  actually  discharged.  In  most  vertebrates 
these  separate  ducts  appear  successively,  but  while  the 
metanephros  forms  the  kidney  of  the  adult,  only  those 
parts  of  the  pronephros  and  mesonephros  are  retained 
which  have  become  specialised  into  sexual  ducts,  because 
they  have  retained  the  primitive  auxiliary  employment 
of  the  nephridial  funnels  as  means  by  which  the  ripe 
generative  products  escape  from  the  coelome  to  the 
exterior. 

The  Adult  Female. 

The  Ovary  is  a  single  large  organ  lying  in  the  abdo- 
minal cavity  suspended  from  the  dorsal  wall  by  a  delicate 
mesentery  which  is  easily  torn.    The  ovary  is  lobulated  on 
account  of  the  large  eggs,  in  various  stages  of  ripeness,, 
which  are  contained  in  it. 

The  oviducts  arc  the  original  pronephric  ducts  enor- 
mously expanded.    They  are  a  pair  of  wide,  tubes  lying 
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on  each  side  of  the  middle  line  near  the  dorsal  wall  of 
the  coelome.  Their  anterior  ends  meet  together  in  the 
middle  line  in  front  of  the  liver,  and  on  the  ventral  side 
of  the  point  of  junction  a  ventral  slit  opens,  thus  placing 
their  cavity  in  communication  with  the  abdominal  cavity. 
Through  this  the  eggs  which  have  fallen  from  the  ovary 
into  the  coelome  find  their  way,  and  are  impregnated  by 
spermatozoa  passed  into  the  oviducts  by  the  males  during 
copulation.  Nearly  a  third  of  its  length  from  the  opening 
into  the  body-cavity  each  oviduct  expands  to  form  the 
oviducal  gland  which  secretes  a  horny  shell  formed  round 
the  egg  after  impregnation.  The  posterior  ends  of  the 
oviducts  unite,  and  open  into  the  cloaca  on  the  dorsal 
wall,  immediately  behind  the  rectum. 

The  mesonephros  is  rudimentary  and  consists  of  a  seg- 
mented mass  of  yellow-brown  glandular  tissue,  arranged 
in  patches  on  the  dorsal  wall  of  the  abdominal  cavity  at 
each  side.  The  patches  are  arranged  so  that  they  corre- 
spond roughly  to  the  vertebrae. 

The  metanephros  forms  the  permanent  kidney  of  the 
adult  female.  Each  is  a  compact,  laterally-compressed, 
dark-brown  mass  lying  attached  to  the  dorsal  wall  of 
the  coelome,  one  on  either  side  of  the  middle  line. 
The  original  segmentally  arranged  tubules  have  greatly 
multiplied  in  number.  In  most  cases  the  nephridial 
funnels  into  the  coelome  have  disappeared,  although  in 
some  cartilaginous  fishes  miscroscopic  sections  through 
the  kidney  and  the  peritoneum  show  that  the  apertures 
of  the  funnels  persist  even  in  the  adult.  The  cup-shaped 
expansions  of  the  tubules  are  increased  in  number,  and 
into  them  there  pass  coils  of  blood-vessels  which  also 
ramify  over  the  parts  of  the  tubules  within  the  kidney. 
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These  blood-vessels,  which  come  both  from  the  renal 
arteries  and  from  the  renal-portal  system,  together  with 
the  tubules  and  a  small  amount  of  supporting  connective 
tissue,  form  the  mass  of  the  solid  kidney.  The  cup-shaped 
expansions  with  their  contained  tufts  of  blood-vessels 
form  the  most  characteristic  feature  in  sections  of  the 
kidney,  and  are  known  as  Malpighian  corpuscles. 

The  mesonephric  ducts,  in  the  adult  female,  form  a  pair 
of  straight  tubes  running  along  the  whole  length  of  the 
kidneys  on  their  ventral  surfaces.  Their  posterior  ends 
are  enlarged  to  form  a  pair  of  urinary  sinuses,  which 
meet  together  posteriorly  and  open  into  the  cloaca,  on  the 
surface  of  a  small  urinary  papilla  on  the  posterior  margin 
of  the  openings  of  the  oviducts. 

The  metanephric  ducts  form  the  ureters  of  the  adult. 
There  are  four  or  five  at  each  side,  and  they  open  by 
separate  apertures  into  the  dorsal  wall  of  the  urinary 
sinus  of  each  side. 

The  Adult  Male. 

The  Testes  are  a  pair  of  soft,  whitish,  elongated  bodies 
lying  on  the  dorsal  wall  of  the  abdominal  cavity,  and 
united  to  each  other  at  their  posterior  ends.  At  the 
anterior  end  of  each  testis  a  number  of  small  ducts,  the 
vasa  efferentia,  leave  the  testes  and  pass  into  the  anterior 
ends  of  the  mesonephros  of  each  side.  The  spermatozoa, 
when  ripe,  instead  of  being  discharged  directly  into  the 
body-cavity,  are  passed  along  these  ducts  to  the  mesone- 
phros. The  pronephros  of  the  adult  male,  as  in  the 
female,  is  not  developed.  The  pronephric  ducts  of  each 
side  are  quite  rudimentary  ;  at  the  anterior  end  of  the 
abdominal  cavity,  in  a  situation  corresponding  to  the 
opening  into  the   body-cavity  of  the  female  oviducts, 
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there  are  in  the  male  a  couple  of  small  pouch-like  sacs  in 
the  suspensory  ligament  of  the  liver,  and  behind  these  a 
short  median  strand  of  tissue  represents  the  anterior  parts 
of  the  aborted  ducts. 

The  mesonephros  of  each  side  forms  the  front  part 
of  the  functional  kidney  of  the  adult,  while  the  metane- 
phros  forms  the  posterior  and  larger  part  of  the  permanent 
kidney.  A  slight  constriction  usually  marks  the  bounds 
of  the  two  parts  of  the  kidney,  the  internal  structure  of 
which  is  similar  to  that  described  in  the  case  of  the  female. 

The  mesonephric  duct  of  each  side  is  a  thick-walled 
sinuous  tube  which  runs  through  the  whole  length  of 
the  mesonephros,  and  into  which  open  the  segmentally 
arranged  mesonephric  nephridial  tubules.  Where  the 
mesonephros  passes  into  the  metanephros,  each  meso- 
nephric duct  expands  into  a  wide  thin-walled  tube  cor- 
responding in  position  to  the  urinary  sinus  of  the  female, 
although  it  extends  further  forwards.  This  is  called  the 
vesicula  seminalis,  and  it  runs  back  along  the  ventral  side 
of  the  metanephros  to  open  into  the  urino-genital  sinus 
immediately  before  that  opens  into  the  cloaca. 

The  sperm-sac  of  each  side  is  a  thin-walled  sac  which 
has  no  representative  in  the  female.  It  lies  along  the 
outer  ,  side  of  the  vesicula  seminalis,  and  ends  blindly  in 
front,  nearly  at  the  anterior  margin  of  the  metanephros. 
Posteriorly,  each  dilates  to  form  the  urino-genital  sinus. 

The  urino-genital  sinus  of  each  side  receives  the  open- 
ings of  the  vesicula  seminalis  and  of  the  ureter,  and  then 
the  two  unite  and  open  into  the  cloaca  by  a  small  pore 
at  the  tip  of  the  urino-genital  papilla,  which  is  situated 
immediately  behind  the  rectum. 

There  are  five  metanephric  ducts  at  each  side.  The 
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anterior  four  unite  to  form  the  ureter,  which  is  joined  by 
the  fifth  and  then  runs  along  the  dorsal  surface  of  the 
vesicula  seminalis  to  open  into  the  urino-genital  sinus. 

Thus  in  the  male  the  mesonephric  duct  functions  both 
as  the  ureter  of  the  mesonephros  and  as  a  vas  deferens  by 
which  the  genital  products,  brought  to  the  mesonephros 
by  the  vasa  eflerentia,  leave  that  to  reach  the  exterior. 
The  urino-genital  papilla  on  which  the  urino-genital  sinus 
opens  serves  as  a  common  aperture  for  the  escape  of 
excretory  and  sexual  products.  In  copulation  the  genital 
products  are  directed  into  the  body  of  the  female  by 
grooves  running  along  the  dorsal  surface  of  the  claspers. 

THE  NERVOUS  SYSTEM. 

The  nervous  system  of  vertebrates  is  tubular  and 
hollow,  and  lies  along  the  dorsal  surface  with  an  anterior 
expansion  in  the  head  forming  the  brain.  In  Fig.  72, 
which  is  a  longitudinal  vertical  section  through  a  young 
vertebrate  embryo,  a  primitive  condition  of  the  nervous 
system  is  shown.  It  consists  of  a  hollow  tube,  open 
to  the  blastopore  behind,  and  in  front  is  expanded  into 
three  bulbs,  lying  one  behind  the  other,  named  the  three 
primary  vesicles  of  the  brain.  In  the  course  of  the 
development,  the  solid  parts  of  the  brain  and  spinal  cord 
are  formed  by  thickenings  in  the  walls  of  the  primitive 
tube  and  vesicles,  and  the  cavity  remains  as  a  small 
central  canal  in  the  spinal  cord  leading  into  a  series  of 
ventricles  in  the  brain.  From  this  central  portion  the 
peripheral  portion,  consisting  of  nerves  growing  out  in 
pairs,  runs  to  the  tissues  and  organs. 

The  anterior  part  of  the  first  primary  vesicle  of  the 
train  grows   out   to   form  a  large   thick-wallcd  mass 
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partly  divided  by  a  longitudinal  constriction  into  two 
lateral  halves.  This  is  called  the  prosencephalon,  or 
forebrain  ;  its  lateral  halves  form  the  cerebral  hemi- 
spheres of  higher  animals,  and  contain  the  lateral  ven- 
tricles. From  the  side  near  the  front  grow  out  the 
olfactory  lobes.  The  posterior  half  of  the  first  vesicle 
forms  the  thalamencephalon.  From  each  side  of  it  grows 
out  a  bulb  which  nearly  meets  the  outer  surface  of  the 
body.  As  shown  in  Fig.  73,  the  anterior  wall  of  each 
of  these  lateral  bulbs  tucks  in  backwards  so  that  they 
form  cups,  carried  upon  short  stalks.  These  cups  form 
the  nervous  portion  of  the  eyes  ;  the  stalk  forms  the  optic 
nerve,  and  a  thickening  of  the  outer  skin  opposite  the 
mouth  of  the  cup  forms  the  lens  of  the  eye.  The  dorsal 
wall  of  the  thalamencephalon  gives  rise  to  a  stalked  bulb, 
which  becomes  cup-shaped  exactly  like  the  lateral  eyes. 
In  the  dog-fish,  and  in  most  other  living  vertebrates,  this 
dorsal  eye  degenerates,  and  becomes  a  stalked  bulb  on  the 
surface  of  the  brain,  known  as  the  pineal  body.  But  in 
some  living  lizards  this  bulb  actually  developes  into  a 
small  structure  with  the  anatomical  characters  of  an  eye. 
This  is  visible  on  the  surface  of  the  head  in  the  middle  of 
the  parietal  region,  and  is  called  the  parietal  eye.  It  is 
not  functional  even  in  those  animals  in  which  at  the 
present  day  it  is  most  highly  developed,  but  there  is  good 
reason  to  suppose  that  in  the  extinct  ancestors  of  living 
vertebrates  it  served  as  a  third  eye.  The  parietal  eye,  or 
pineal  body  as  it  now  exists,  is  a  notable  instance  of  a 
rudimentary  organ,  that  is  to  say,  it  is  a  relic  of  an  organ 
no  longer  functional,  but  which  still  lingers  on  in  develop- 
ment. Another  bulb  grows  o\it  on  the  ventral  side  of 
the  thalamencephalon  and  becomes  what  is  called  the 
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infundibulum,  on  the  under  surface  of  which  is  the 
pituitary  body,  another  organ  probably  rudimentary,  of 
which  the  history  and  function  are  extremely  doubtful. 

The  walls  of  the  second  primitive  vesicle  thicken  and 
form  the  optic  lobes.  The  cavity  remains  as  the  iter  a 
tertio  ad  ctuartum  ventriculuin. 

The  third  primitive  vesicle  constricts  into  two  portions. 
The  dorsal  part  of  the  anterior  portion  forms  the  cere- 
bellum ;  the  posterior  portion,  the  roof  of  which  remains 
very  thin,  forms  the  medulla  oblongata,  and  its  cavity 
becomes  the  fourth  ventricle. 

The  tube  forms  the  spinal  cord,  the  walls  becoming 
very  thick  and  the  cavity  being  reduced  to  a  small 
central  canal. 

Dissection  of  the  brain  in  the  dog-fish  is  important, 
because  the  primitive  condition  is  not  much  departed 
from,  whereas  in  higher  vertebrates,  such  as  man,  com- 
plicated bending  and  folding  of  the  originally  straight 
tube  occurs. 

Dissection  of  the  nervous  system  is  most  conveniently 
performed  upon  specimens  that  have  been  hardened  in 
spirit.  When  the  viscera  have  been  examined  the  animal 
should  be  put  in  methylated  spirit  for  a  few  days,  the  dorsal 
wall  of  the  skull  having  been  removed.  Then  it  must 
be  placed  on  the  dissecting  board  with  its  dorsal  side 
upwards,  and  pinned  down.  The  skin  must  be  removed 
from  the  dorsal  surface  of  the  head,  and  then,  if  this  has 
not  been  done  before,  the  cartilaginous  roof  of  the  skull 
must  be  sliced  away  until  the  brain  has  been  exposed. 
The  auditory  capsule  and  the  orbit  of  one  side  should  be 
left  intact.  The  capsule  of  the  other  side  must  be  sliced 
through  while  exposing  the  brain,  and  the  eyelids  of  the 
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same  side  dissected  away  to  exjDose  the  orbit.  As  the 
orbital  sinus  is  opened  in  this  process,  the  blood  clots 
must  be  washed  away.  Then  the  surface  of  the  brain 
must  be  examined :  next  the  eye  of  one  side  examined  : 
next  the  cranial  nerves  must  be  dissected  ;  and  lastly  the 
brain  and  a  part  of  the  spinal  cord  must  be  removed  and 
examined  more  fully.  In  this  description  the  order  to  be 
observed  in  the  laboratory  will  not  be  followed  exactly. 

THE  DORSAL  SURFACE  OF  THE  BRAIN. 

The  prosencephalon  forms  the  largest  and  most  anterior 
part.  It  is  a  smooth,  somewhat  rounded  mass  l3Mng 
between  the  olfactory  capsules  and  the  orbits.  The 
separation  into  lateral  hemispheres  is  marked  only  by  a 
slight,  median  anterior  groove. 

The  olfactory  lobes  arise  by  stalks  from  the  middle 
of  the  sides  of  the  prosencephalon.  They  are  triangular 
in  shape  and  are  closely  pressed  against  the  sides  of  the 
prosencephalon.  In  the  dog-fish,  as  in  many  other  pre- 
datory fishes  which  make  large  use  of  the  sense  of  smell 
in  hunting,  these  olfactory  lobes  are  unusually  large. 

The  thalamencephalon  is  the  narrower  portion  of  the 
brain  immediately  behind  the  anterior  part.  Its  rcof  is 
very  thin,  and  the  third  ventricle  can  be  seen  tln-ough  it. 

The  pineal  body  extends  forAvards  from  the  hinder  part 
of  the  roof,  and  terminates  in  a  slightly  expanded  bulb 
lying  on  the  surface  of  the  forebrain.  The  optic  nerves, 
which  represent  the  stalks  of  the  optic  vesicles,  may  be 
seen  running  into  the  eyeball  from  under  the  lower  part 
of  the  sides  of  the  thalamencephalon. 

The  optic  lobes  are  a  pair  of  rounded  expansions  which 
in  front  partly  overlap  the  thalamencephalon,  and  behind 
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are  partly  overlapped  by  the  cerebellum.  The  fourth 
pair  of  nerves  arise  from  near  the  middle  dorsal  line 
between  the  optic  lobes  and  the  cerebellum. 

The  cerebellum  is  an  elongated,  oval  body,  which 
stretches  far  forwards  over  the  optic  lobes  and  backwards 


Fig.  55. — Brain  of  Dog-fish.  To  the  right,  ventral  ;  to  left,  dorsal 
aspect.  I.  Olfactory  lobes.  P.  I'roscnccphalon.  Pin.  Pineal. 
TH.  Thalanicncephalon.  OP.  Optic  lobes.  INF.  Infiindibiilinn. 
PIT.  Pituitary.  CER.  Ccrcbeliiini.  R.  Restiform  bodies.  Med.  Me- 
dulla oblongata.  II.  Optic  nerves.  III.  Third  nerve.  IV.  Fourth 
nerve.  V.  Fifth  nerve.  VI.  Sixth  nerve.  VII.  Seventh  nerve.  VIII. 
Auditory  nerve.    IX.  (llossopliaryngcal.    X.  Vagus. 

over  the  medulla  oblongata.  Its  surface  is  slightly  folded 
transversely,  giving  it  a  lamellar  appearance. 

The  medulla  oblongata  forms  the  posterior  part  of  the 
brain.  It  narrows  as  it  passes  back  into  the  spinal  cord. 
Its  roof  is  very  thin,  and  in  dissection  is  frequently  torn 
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away,  exposing  the  cavity,  the  fourth  ventricle.  The  roots 
of  the  fifth,  seventh,  and  eighth  nerves  may  be  seen 
coming  from  its  sides  in  the  anterior  region.  The  slender 
ninth  nerve  and  the  several  roots  of  the  tenth  nerve  may 
be  seen  arising  from  the  sides  of  the  medulla  in  the 
posterior  half,  while  above  these  there  is  a  large  rounded 
expansion  at  each  side,  the  restiform  body. 

THE  VENTRAL  SURFACE  OF  THE  BRAIN. 

The  examination  of  this  must  be  deferred  until  the 
cranial  nerves  have  been  examined. 

The  prosencephalon  and  the  olfactory  lobes  appear 
much  as  when  seen  from  the  dorsal  surface,  but  they  pass 
more  directly  into  the  thalamencephalon. 

The  thalamencephalon,  on  the  greater  part  of  its  ventral 
surface  in  front,  has  a  curved  band,  from  the  ends  of  which 
the  optic  nerves  arise.  This  band  is  the  optic  chiasma, 
and  is  formed  by  a  complicated  crossing  of  the  fibres 
coming  from  the  right  and  left  sides,  so  that  the  greater 
part  of  the  nerve  to  the  right  eye  comes  from  the  left 
side  of  the  brain  and  vice  versa. 

The  infundibulum  is  a  pair  of  hollow,  oval  protuber- 
ances {lobi  inferio}'cs\  on  the  ventral  surface  of  the 
thalamencephalon,  immediately  behind  the  optic  chiasma. 
Attached  to  the  posterior  end  of  the  infundibulum  is  the 
pituitary  body,  a  thin-walled  bi-lobed,  hollow  sac.  A 
tubular  body,  of  unknown  function,  is  attached  along  the 
middle  line  of  the  ventral  surface  of  the  pituitary  and 
runs  forward  to  the  infundibulum. 

The  roots  of  the  third  nerve  issue  in  the  middle  line 
from  the  ventral  surface  of  the  thalamencephalon  between 
the  infundibulum  and  the  pituitary. 
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The  medulla  oblongata  is  narrow  in  front  and  behind. 
From  the  ventral  surface  near  the  middle  line  arise  the 
small  roots  of  the  sixth  nerve,  and  from  the  sides  arise 
successively  the  fifth,  seventh,  eighth,  ninth,  and  tenth 
nerves. 

THE  CAVITIES  OF  THE  BRAIN. 

The  original  hollows  of  the  vesicles  are  broken  up  into 
a  series  of  ventricles  opening  into  each  other  from  behind 
forwards.  The  cavity  of  the  medulla  is  the  fourth  ven- 
tricle :  the  restiform  bodies  and  the  cerebellum  are  hollow 
outgrowths  of  the  dorsal  wall.  The  cavity  of  the  mesen- 
cephalon which  communicates  behind  with  the  fourth 
ventricle,  is  narrow,  but  the  optic  lobes  are  hollow  pro- 
tuberances of  its  dorsal  wall.  This  leads  into  the  cavity 
of  the  thalamencephalon,  the  third  ventricle,  which  com- 
municates above  with  the  hollow  pineal  body,  below 
with  the  hollow  infundibulum.  This  leads  into  the 
cavity  of  the  prosencephalon,  which  is  divided  by  a 
median  partition  into  lateral  ventricles  which  communi- 
cate with  the  hollow  olfactory  lobes. 

THE  CRANIAL  NERVES. 

These  are  of  the  greatest  importance,  because  they 
correspond  in  relative  position  and  partly  in  function 
with  those  in  all  the  higher  vertebrates.  If  we  allow  for 
two  important  changes,  the  nerves  from  the  brain  in  the 
dog-fish  and  in  man  are  identical.  The  first  difference  is 
this  ;  in  man,  and  in  higher  vertebrates,  the  process  of 
cephalisation,  or  condensation  of  anterior  segments  to 
form  a  head,  has  proceeded  further,  and  there  are  two 
additional  pairs  of  nerves  arising  from  the  posterior  part 
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of  the  brain  corresponding  with  the  anterior  nerves  of 
the  spinal  cord  in  the  dog-fish.  Next,  in  man  the  gill- 
shts  and  gill-bars,  which  form  so  important  a  part  of  the 
anterior  region  of  the  dog-fish,  are  an  evanescent  occur- 
rence in  very  early  embryonic  development,  and  the 
distribution,  although  not  the  origin  of  the  cranial  nerves, 
is  therefore  different  in  many  respects.  The  cranial  nerves 
of  the  dog-fish  should  be  dissected  after  the  dorsal  surface 
of  the  brain  has  been  examined.  Those  of  one  side  only 
are  described. 

I.  The  olfactory  nerve  arises  as  a  bundle  of  fibres  from 
the  anterior  end  of  the  olfactory  lobe  and  passes  through 
the  membrane  separating  the  brain  from  the  cavity  of 
the  nose,  by  a  scries  of  holes.  The  fibres  are  distributed  to 
the  sensory  membrane  of  the  nose. 

II.  The  optic  nerve  runs  from  the  end  of  the  chiasma, 
through  the  optic  foramen  into  the  orbit,  and  then 
straight  across  to  the  eyeball. 

III.  The  third  nerve,  or  motor  oculi,  is  a  slender  nerve 
which  arises  from  the  ventral  surface  of  the  thalamence- 
phalon,  enters  the  orbit  by  a  special  aperture  and  is 
distributed  to  the  muscles  of  the  eye,  except  the  external 
rectus  and  superior  oblique. 

IV.  The  fourth  nerve,  or  patheticus,  is  a  slender  nerve 
which  arises  from  the  dorsal  surface  of  the  mid-brain, 
enters  the  orbit  by  a  small  aperture  above  that  of  the 
optic  nerve  and  passes  to  the  superior  oblique  muscle  of 
the  eyeball. 

V.  The  fifth  nerve,  or  trigeminal,  is  the  most  anterior 
of  those  leaving  the  side  of  the  medulla  at  its  broadest 
part.  Before  leaving  the  cavity  of  the  skull  it  gives  off 
the  ophthalmic  branch,  which  enters  the  orbit  by  a  special 
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foramen  and  runs  forward  in  a  groove  in  the  wall  of  the 
orbit  to  an  aperture  in  the  anterior,  superior  angle  by 
which  it  passes  to  the  skin  of  the  snout,  through  a 
canal  between  the  olfactory  capsule  and  the  cranium. 
The  main  stem  of  the  fifth  enters  the  orbit,  sharing  a 
foramen  in  the  posterior  part  of  the  orbit  with  a  group  of 
nerves.  It  then  divides  into  a  maxillary  branch  to  the 
snout,  and  a  mandibular  branch  to  the  lower  jaw. 

VI.  The  sixth  nerve,  which  is  very  slender,  arises  from 
the  ventral  surface  of  the  medulla,  enters  the  orbit  with 
the  main  branch  of  the  fifth,  and  passes  into  the  external 
rectus  muscle  of  the  eyeball. 

VII.  The  seventh,  or  facial  nerve,  leaves  the  side  of  the 
medulla  next  behind  the  fifth.  Its  first  great  branch, 
the  ophthalmic  branch,  arises  by  a  separate  root  higher  up 
the  side  of  the  medulla  than  the  main  root.  It  enters 
the  orbit  by  a  separate  foramen  above  that  for  the 
ophthalmic  branch  of  the  fifth,  runs  along  the  orbit  in  a 
groove  also  above  that  of  the  fifth,  leaves  the  orbit  along 
with  that  branch  of  the  fifth  and  has  a  similar  distribu- 
tion. The  main  stem  of  the  seventh  enters  the  orbit 
with  the  main  stem  of  the  fifth,  and  divides  into  a  pala- 
tine nerve,  which  runs  to  the  roof  of  the  mouth,  and  a 
spiracular  nerve,  which  runs  to  the  top  of  the  spiracle  and 
forks  there,  the  anterior  limb  of  the  fork  splitting  up  into 
several  short  branches,  while  the  posterior  supplies  the 
posterior  edge  of  the  spiracle. 

VIII.  The  eighth  nerve,  or  auditory  nerve,  leaves  the 
side  of  the  medulla  behind  the  seventh,  and  runs  straight 
into  the  auditory  capsule  to  be  distributed  to  the  sensory 
parts  of  the  ear. 

IX.  The  ninth,  or  glosso-pharyngeal  nerve,  arises  from 
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the  side  of  the  medulla  next  behind  the  auditory  nerve. 
It  leaves  the  skull  by  a  foramen  at  the  end  of  the  post- 
orbital  groove,  and  runs  out  to  the  summit  of  the  first 
branchial  cleft,  over  which  it  forks,  one  branch  running 
along  the  anterior,  the  other  along  the  posterior  border 
of  the  cleft. 

X.  The  pneumogastric,  or  vagus  nerve,  arises  from  the 
side  of  the  medulla  by  several  roots.  Within  the  skull 
it  runs  backwards  a  short  distance,  and  emerges  at  the 
hind  end  between  the  cranium  and  the  auditory  capsule. 
It  then  runs  backwards  along  the  inner  wall  of  the  ante- 
rior cardinal  sinus.  From  near  its  root  it  gives  off  a 
nerve  which  runs  along  the  side  of  the  body  to  the 
posterior  end,  supplying  the  sense-organs  of  the  lateral 
line.  Next  it  gives  off  four  branchial  nerves,  which  fork 
over  the  four  posterior  gill-slits.  The  main  stem  gives 
off  branches  to  the  heart  and  stomach. 

The  spinal  nerves  arise  in  pairs  from  the  sides  of  the 
spinal  cord.  Each  has  a  dorsal  or  sensory  root  provided 
with  a  ganglion  and  leaving  the  neural  canal  by  a  notch 
in  the  posterior  border  of  the  intervertebral  neural  plate, 
and  a  ventral  or  motor  root  which  consists  of  several 
separate  bundles  rapidly  uniting  to  leave  the  neural  canal 
by  the  notch  in  the  posterior  border  of  the  vertebral 
neural  plate  ;  it  then  joins  the  sensory  root. 

Connected  with  the  motor  roots  of  the  spinal  nerves 
are  a  series  of  wandering  ganglia  which  regulate  the 
viscera  and  are  known  as  the  sympathetic  system. 

Even  in  the  dog-fish  the  process  of  cephalisation  has 
obscured  the  primitive  simplicity  of  the  cranial  nerves  to 
a  considerable  extent.  There  is  reason  to  believe  that 
the  cranial  nerves  represent  modifications  of  simple  scg- 
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mental  nerves,  built  on  a  type  resembling  that  of  the 
spinal  nerves,  but  specially  modified  in  connection  with 
the  gill-slits,  of  which,  in  the  typical  vertebrate,  there 
were  originally  a  larger  number  than  five.  The  typical 
cranial  nerve  would  consiot  of  a  dorsal  sensory  root  with 
a  sensory  ganglion  and  a  ventral  motor  root.  But  the 
suppression  and  alteration  of  some  of  the  gill-slits,  and 
the  formation  of  mouth  and  jaws  during  the  process  of 
cephalisation,  has  altered  the  primitive  simplicity. 

The  olfactory  nerve  represents  the  dorsal  sensory  part 
of  a  segmental  nerve  of  which  the  ventral  motor  part  has 
been  lost. 

The  optic  nerves  are  really  not  cranial  nerves  at  all, 
but  are  special  outgrowths  of  the  brain. 

The  third  nerve  has  its  sensory  part  degenerate  and 
formed  only  by  a  few  fibres  to  the  integument  on  the 
side  of  the  orbit.  The  motor  root  gives  rise  to  the  nerves 
for  the  eyeball  muscles. 

The  fourth  nerve  has  a  few  fibres  to  the  conjunctiva, 
as  degenerate  sensory  part.  The  motor  part  is  the 
nerve  to  the  superior  oblique  muscle. 

The  fifth  and  sixth  nerves  together  represent  probably 
a  single  primitive  nerve  which  has  been  considerably 
extended.  The  first  and  second  branches  are  chiefly 
sensory,  and  represent  the  sensory  part  which  has  been 
extended  to  supply  missing  sensory  portions  of  the  third 
and  fourth  nerves.  The  sixth  nerve  and  the  third  branch 
of  the  fifth  represent  the  motor  part  of  the  segmental 
nerve.  It  is  possible,  however,  that  this  group  represents 
two  segmental  nerves. 

The  seventh  also  is  a  complete  nerve  of  which  the 
ophthalmic  branch  forms  the  sensory  portion,  as  the  fibres 
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in  the  dog  fish  are  said  to  contain  both  sensory  and 
motor  parts,  although  in  higher  animals  the  motor  part 
alone  is  retained.  The  branch  which  forks  over  the 
spiracle  represents  the  motor  part. 

The  eighth  nerve  is  the  sensory  part  of  a  nerve  of 
which  the  motor  branch  has  been  lost. 

The  ninth  nerve  has  the  sensory  portion  degenerate, 
while  the  forks  over  the  anterior  gill-cleft  represent  the 
motor  part. 

The  tenth  nerve  represents  probably  several  segmental 
nerves  fused  together.  The  nerve  to  the  lateral  line 
represents  the  sensory  part,  while  the  forks  over  the 
gill-clefts  and  the  visceral  nerves  represent  the  motor 
part. 

THE  SENSE-ORGANS. 

Sense-organs  of  the  mucous  canals.  These  canals, 
which  ramify  on  the  head  and  along  the  lateral  line, 
are  seen  from  the  exterior  as  a  series  of  minute  apertures 
from  which  mucus  may  be  pressed  out.  Lying  in  the 
canals  are  a  set  of  sense-organs  connected  with  the  fifth 
nerve  on  the  head,  and  with  the  vagus  along  the  lateral 
line.  Each  sense-organ  is  a  little  bulb  of  sense-cells 
provided  with  sense-hairs,  the  bulbs  sometimes  being 
covered  by  a  cuticular  dome.  From  the  base  of  the 
group  of  cells  a  nerve  fibre  runs  to  the  nerve.  They 
should  be  examined  by  cutting  and  staining  transverse 
sections  of  portions  of  the  lateral  line. 

The  nasal  organs.  On  the  ventral  surface,  shallow, 
curved  grooves  lead  from  the  angles  of  the  mouth  to  the 
apertures  of  the  nasal  capsules.  Tiie  aperture  of  the 
nasal  organ  itself  leads  into  a  large  sac,  which  should  be 
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cut  open  and  washed  out.  The  sac  is  hned  by  mucous 
membrane  thrown  into  folds  and  containing  groups  of 
sensory  cells  which  are  supplied  by  branches  of  the 
olfactory  nerve.  The  nasal  organs  in  elasmobranchs, 
unlike  those  of  higher  animals,  are  purely  sensory,  and 
are  unconnected  with  respiration. 

The  eyes.  The  eyeball  is  a  hollow  sac  with  a 
cartilaginous  outer  coat,  the  sclerotic,  to  which  six 
muscles  run  from  the  walls  of  the  orbit.  Four  recti 
muscles  run  from  the  posterior  wall  of  the  orbit  and 
diverge  as  they  approach  it.  The  rectus  superior  is 
inserted  on  the  dorsal  surface,  the  rectus  inferior  on 
the  ventral  surface,  the  rectus  externus  on  the  outer 
and  posterior  surface,  the  rectus  internus  on  the  inner, 
more  anterior  surface  of  the  eyeball. 

The  oblicLue  muscles  run  backwards  from  the  anterior 
wall  of  the  orbit,  the  obliquus  superior  being  inserted  on 
the  dorsal,  the  obliquus  inferior  on  the  ventral  surface  of 
the  eyeball,  the  insertions  being  immediately  in  front  of 
the  superior  and  inferior  recti. 

The  eyeball  should  be  removed,  by  cutting  through 
the  optic  nerve  and  the  attachments  of  the  muscles,  then 
opened  by  cutting  it  into  an  inner  and  outer  half  with 
a  razor.  The  halves  must  be  examined  under  water. 
The  sclerotic  coat  is  a  thin  cartilaginous  layer  which 
usually  articulates  by  a  knob,  near  the  entrance  of  the 
optic  nerve,  with  a  corresponding  depression  in  the 
posterior  wall  of  the  orbit.  The  anterior  part  of  the 
sclerotic  is  transparent,  and  forms  the  cornea,  through 
which  light  reaches  the  interior  of  the  ball.  It  is  nearly 
flat  exteriorly,  this  being  a  characteristic  feature  of 
aquatic  animals.    The   choroid   is  an   opaque,  black, 
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deeply  pigmented  layer  lying  closely  applied  to  the 
inner  side  of  the  sclerotic.  It  contains  a  plexus  of 
blood-vessels.  The  layer  turned  towards  the  light  is 
covered  by  a  dense  glistening  surface,  the  tapetum.  The 
choroid  is  incomplete  in  front  leaving  a  circular  area 
opposite  the  cornea.  This  forms  the  pupil  of  the  eye,  and 
is  surrounded  by  a  layer  called  the  argentea,  filled  with 
clear,  glancing  crystalline  bodies.  The  retina  forms  the 
innermost  layer  of  the  eyeball.  It  is  a  soft,  thick  layer 
continuous  with  the  optic  nerve  behind,  which  passes 
through  the  two  outer  coats  of  the  eyeball.  The  retina 
is  the  part  of  the  eye  sensitive  to  light,  and  in  develop- 
ment arises  from  that  outgrowth  of  the  thalamen- 
cephalon  known  as  the  optic  vesicle. 

The  lens  is  a  globular,  transparent  body  occupying 
the  front  part  of  the  eyeball.  In  the  dog-fish,  as  in  other 
aquatic  animals,  it  is  more  spherical  than  in  terrestrial 
animals.  The  remaining  cavity  of  the  eyeball  is  filled 
by  a  small  amount  of  vitreous  humour,  which,  like  the 
lens,  is  refractive,  and  aids  the  lens  in  focussing  the  light 
upon  the  retina. 

The  Ear. 

A  primitive  ear  is  an  organ  for  registering  vibrations 
rather  than  for  what  we  know  as  sound.  In  its  simplest 
form,  as  found  in  some  invertebrate  animals,  it  consists 
of  a  pouch  of  the  skin  opening  to  the  exterior  by  a 
narrow  aperture,  and  provided  with  cells  communicating 
with  a  sensory  nerve  by  their  inner  ends,  while  on  their 
outer  surfaces  sensory  hairs  project  into  the  cavity.  The 
water  in  which  the  animals  live  has  access  to  the  cavity 
from  the  outside,  and  in  the  cavity  lie  several  small 
particles  of  stone,  ^vhich  either  have  come  there  acci- 
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dentally  or  have  been  formed  as  limy  secretions  by  the 
cells  of  the  cavity.  Vibrations  in  the  water  cause  these 
stones  or  otoliths  in  the  cavity  to  stimulate  the  sensory 
hairs,  and  the  stimuli  are  transmitted  by  the  nerves  to 
the  nerve  centres.  In  vertebrates  the  ears  first  appear  as 
little  cavities  of  this  kind  open  to  the  exterior,  and  lined 
by  sensory  cells  which  communicate  with  nerves.  But  in 
subsequent  development  the  auditory  pouches  sink  deep 
into  the  cartilage  of  the  skull,  and  the  connection  with 
the  exterior  in  most  cases  disappears. 

The  ear  of  the  dog-fish  consists  of  a  membranous  sac, 
the  vestibule,  from  which  arise  three  semicircular  canals, 
contained  in  hollows  of  the  cartilaginous  auditory  capsule. 
It  must  be  examined  by  gradually  paring  away  the 
cartilage  of  the  capsule  from  above  downwards.  When 
the  skin  has  been  removed  from  the  surface  of  the  capsule 
there  is  at  once  visible  a  prominent  anterior  ridge  which 
lodges  the  anterior  canal,  and  a  posterior  ridge  for  the 
posterior  canal.  Between  these  two  is  a  small  aperture 
which  leads  into  a  tube,  the  aqueductus  vestibuli,  which 
opens  into  the  vestibule.  It  is  not  known  to  have  any 
function  in  the  adult  animal,  but  is  the  remains  of  the 
original  invagination  of  the  outer  skin  which  was  the 
starting-point  of  the  ear. 

The  vestibule  is  a  membranous  sac  lying  loosely  in  the 
cartilaginous  capsule,  and  partly  divided  into  a  lower 
portion  or  sacculus,  and  an  upper  portion  or  utriculus 
which  receives  the  ends  of  the  semi-circular  canals.  It 
contains  calcareous  concretions. 

Each  semicircular  canal  opens  into  the  utriculus  by  an 
expansion,  the  ampulla,  then  curves  through  the  cartilage, 
and  at  its  other  end  again  opens  into  the  utriculus.  The 
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ampulla  of  the  anterior  vertical  canal  is  close  to  the  orbit 
in  the  front  end  of  the  capsule  ;  its  hinder  end  opens  into 
a  dorsal  protviberance  about  the  middle  of  the  utriculus. 
Into  the  same  protuberance  opens  the  anterior  end  of  the 
posterior  vertical  canal,  which  is  much  longer,  and  bends 
down  behind  the  utriculus  until,  nearly  completing  a  circle, 
it  enters  that  by  an  ampulla  at  the  posterior  end.  The 
ampulla  of  the  horizontal  canal  opens  near  that  of  the 
anterior  vertical  canal.  The  horizontal  canal  then  curves 
outwards  in  a  lateral  expansion  of  the  capsule,  and,  com- 
pleting the  half  circle,  enters  the  utricle  near  the  ampulla 
of  the  posterior  vertical  canal.  The  auditory  nerve, 
which  enters  the  capsule  on  the  side  turned  to  the 
skull,  breaks  up  into  branches  which  pass  to  the 
ampullae  and  to  the  vestibule. 


CHAPTER  XVII 


THE  FROG 

THE  frogs  and  toads  belong  to  a  group  of  vertebrates 
known  as  amphibia,  and  specially  characterised  by 
the  fact  that  their  respiration  is  effected  both  by  gills  and 
by  lungs.  In  them  all  the  gills  appear  first.  In  some  of 
the  lower  amphibia  the  gills  persist  even  after  the  lungs 
have  come  into  use.  In  most  cases  the  gills  are  confined 
to  a  larval,  fully  aquatic  stage,  the  tadpole  stage  in  the 
frog,  while  the  lungs  are  the  organs  of  respiration  in  the 
adult  condition.  In  the  larval  condition,  and  in  the 
adults  of  some  forms  like  newts,  there  is  a  fish-like 
lateral  line  with  sensory  organs,  and  unpaired  dorsal, 
ventral,  and  caudal  fins.  In  the  frogs  and  toads  these 
disappear  in  the  adult,  and  locomotion  is  effected  by 
jointed  fore  and  hind  limbs,  which,  unlike  the  paired  fins 
of  fishes,  are  broken  up  into  arms,  wrists,  and  hands,  or 
legs,  ankles  and  feet,  and,  like  the  paired  fins,  are  attached 
to  the  pectoral  and  pelvic  girdles. 

There  are  probably  several  species  of  frogs  native  to 
this  country.  Of  these  the  most  conmion  is  the  grass 
frog,  Rnnn  tcmporaria^  which  may  be  distinguished  at 
once  by  a  large  black  patch  in  the  temporal  region 
between  the  eye  and  the  shoulder.    Rnna  csctilcnta^ 
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the  green  water  frog,  is  usually  lighter  in  colour,  and  is 
a  larger  animal.  It  is  not  so  abundant  in  this  country,  or 
from  its  more  aquatic  habits  is  less  often  obtained.  The 
colour  of  the  skin  in  both  species  is  due  to  the  presence 
of  branching  cells  loaded  with  pigment.  Under  the 
influence  of  light,  and  apparently  of  differences  in  the 
colour  of  the  environment,  these  pigment  corpuscles 
change  in  shape  and  distribution,  so  that  the  resulting 
colours  more  or  less  correspond  to  the  colours  of  the 
environment.  These  changes  are  to  a  certain  extent 
under  the  influence  of  the  central  nervous  system,  and 
frogs  which  have  been  blinded  are  stated  not  to  undergo 
them. 

EXTERNAL  CHARACTERS. 

The  body  is  divided  into  a  head,  trunk,  and  limbs. 
The  skin  is  moist  and  smooth  and  devoid  of  hairs  or 
scales.  The  mucus,  secreted  by  the  skin,  is  harmless  in 
frogs.  In  the  nearly  allied  toads  it  is  slightly  poisonous 
and  irritant.  In  both  cases  it  serves  as  a  protection 
against  the  attacks  of  other  animals,  especially  of  such 
marauding  insects  as  ants  in  the  case  of  the  land  forms, 
and  against  parasitic  ticks  and  growths  of  hydroids  in  the 
aquatic  stages.  The  head  is  flat  and  triangular  ;  at  each 
side  it  bears  the  large  eyes  protected  by  an  upper,  fixed 
eyelid  and  a  lower,  transparent,  movable  eyelid.  Behind 
the  eye  on  each  side,  in  Rana  tcmporaria  in  the  middle  of 
the  black  temporal  patch,  is  a  flat  circular  membrane, 
stretched  tightly  over  a  marginal  ring.  This  is  the 
tympanic  membrane. 

Apertures.  The  mouth  is  a  wide  horizontal  slit  at  the 
anterior  end.    The  external  nostrils  are  a  pair  of  small 
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apertures  on  the  dorsal  surface  of  the  head  near  the 
anterior  end,  which  during  hfe  are  constantly  being 
opened  and  closed.  The  cloaca!  aperture  is  a  small  hole 
at  the  posterior  end  of  the  trunli,  between  the  legs,  but 
on  the  dorsal  rather  than  the  ventral  surface  of  the 
body. 

Buccal  cavity.  This  must  be  opened  widely  and 
washed  out.  If  the  frog  has  just  been  killed  some  of  the 
cells  should  be  scraped  off  the  posterior  part  of  the  roof 
and  examined  in  water  under  the  microscope,  that  their 
ciliary  motion  may  be  seen. 

The  maxillary  teeth  are  a  single  row  of  small  teeth 
lining  the  edge  of  the  upper  jaw  ;  the  lower  jaw  is  devoid 
of  teeth.  The  vomerine  teeth,  in  Rana  esciileiita,  are 
arranged  in  two  small  clusters  on  the  roof  of  the  mouth 
between  the  internal  nasal  openings.  In  Rana  temporaria 
they  are  smaller,  and  form  oblique  patches  diverging  in 
front,  but  in  the  same  region. 

The  posterior  nares  are  two  small  apertures  in  the  roof 
of  the  mouth  communicating  with  the  exterior  through 
the  external  nostrils. 

The  eustachian  tubes  (Fig.  59.  e)  are  recesses  in  the 
sides  of  the  posterior  part  of  the  roof  of  the  mouth. 
They  lead  into  the  cavity  under  the  tympanic  membrane. 

The  eyeballs  may  be  seen  projecting  into  the  cavity  of 
the  mouth  at  each  side. 

The  tongue  is  a  thin  fleshy  protuberance  attached  to 
the  front  part  of  the  floor  of  the  mouth,  and  forked  at  its 
extremity.  In  the  condition  of  rest  it  lies  folded  back  on 
the  floor  of  the  mouth,  but  may  be  shot  out  forwards. 

The  glottis,  by  which  air  passes  through  the  larynx 
into  the  lungs,  is  a  longitudinal  slit  in  the  floor  of  the 
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posterior  part  of  the  mouth,  and  is  supported  laterally 
by  the  arytenoid  cartilages. 

SKELETON". 

The  skeleton  of  the  frog  should  be  studied  before  the 
dissection  of  the  viscera  is  undertaken.  The  skeleton 
of  tlie  frog  presents  a  great  advance  on  that  of  the 
dog-fish,  as  there  are  in  addition  to  pure  cartilage 
and  to  cartilage  hardened  by  deposits  of  calcareous 
matter  a  number  of  true  bones ;  especially  in  the  case 
of  the  skull  many  of  these  bones  may  be  picked  off  as 
if  they  were  bony  plates  plastered  upon  a  cartilaginous 
framework.  The  skeleton  should  be  studied  in  a  speci- 
men carefully  cleaned  and  kept  in  spirit,  as  well  as  by 
the  dissection  of  a  fresh  specimen. 

The  vertebral  column.  The  vertebrae  are  fully  ossified, 
and  are  attached  to  each  other  by  special  articular  pro- 
cesses, while  the  adjoining  faces  of  the  centra  are  covered 
by  cartilaginous  discs.  In  most  of  them  these  discs  are 
hollowed  out  in  front,  and  with  these  hollows  the  bulging 
posterior  ends  of  the  vertebras  next  in  front  articulate. 
Such  centra,  hollow  in  front,  are  called  procoelous. 
Owing  to  the  complete  separation  of  the  vertebrae  the 
notochord  is  not  continuous  as  in  the  dog-fish,  but 
within  each  centrum  remains  of  it  persist,  surrounded  by 
a  delicate  sheath. 

There  are  nine  separate  vertebras  and  a  long  bone  behind, 
the  urostyle,  which  is  articulated  by  two  facets  to  the 
ninth  vertebra,  and  which  represents  a  number  of  pos- 
terior vertebrae  fused  together.  Thus  the  vertebral  column 
of  the  frog  exhibits  not  only  segmentation,  but  the 
partial  fusion  and  telescoping  of  some  of  the  segments. 
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Each  of  the  vertebrje  bears  a  dorsal  arch,  enclosing  the 
spinal  cord  and  carrying  a  short  backwardly  directed 
spine  above,  and  at  each  side  a  horizontal  articular  process. 
Each  of  the  articvUar  pro- 
cesses has  two  articular 
facets  ;  the  anterior  facets 
look  downwards,  the  pos- 
terior facets  upwards,  and 
the  downward  facets  over- 
lap the  upward  facets  of 
the  vertebra  next  behind. 
Each  vertebra,  except  the 
first,  or  atlas,  has  at  each 
side  a  stout  transverse  pro- 
cess, with  which  is  indis- 
tinguishably  fused  a  short 
rudimentary  rib.  The 
transverse  processes  of  the 
last  free  vertebra  are  very 
stout,  and  at  their  outer 
ends  articulate  with  the 
tips  of  the  iliac  bones. 
It  is  called  the  sacral 
vertebra. 

The  urostyle  has  a  dorsal 
ridge  for  the  first  half  of 
its  length,  and  the  neural 
canal  extends  into  it  for 
about  the  same  distance. 

The  skull  of  the  frog  is  at  first  sight  very  different  from 
that  of  the  dog-fish,  but  careful  study  of  the  tadpole,  the 
fish-like  stage  of  the  frog,  has  shown  that  in  the  course 


Three  Anterior 
Vertebrte  of  Frog  from  dorsal  as- 
pect. 1.  Atlas  ;  2.  and  3,  second 
and  third  vertebra;.  S.  Spine. 
R.  Ribs.  P.  Posterior  down- 
turned  face  of  articular  process. 
A.  Anterior  upturned  face. 

II.  Ilyoid  of  Frog.  H.  IJody 
of  Ilyoid.  AC.  Anterior  cornu. 
P.O.  Posterior  cornu. 
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of  development  the  skull  passes  through  a  cartilaginous 
stage  in  which  it  is  a  shallow  box  imperfect  above,  with 
nasal  capsules  wedged  into  it  in  front,  and  with  ear- 
capsules  wedged  into  it  behind,  scooped  out  at  the  sides 
to  form  orbits  for  the  eyes,  and  with  a  series  of  gill-arches 
below.  The  changes  from  this  dog-fish  like  condition  to 
the  adult  condition  are  comparatively  simple.  The  jaws, 
which  in  the  dog-fish  were  entirely  under  the  skull,  and 
did  not  reach  the  anterior  end,  are  expanded  into  great 
half-hoops,  which  project  beyond  the  anterior  end  of  the 
cranium  in  front  and  behind,  and  are  so  much  wider 
than  the  skull  that  the  suspensorium  is  formed  by  struts 
thrown  outwards  from  the  region  of  the  auditory  capsule 
to  serve  as  articular  supports.  The  upper  jaw  in  front, 
instead  of  being  merely  slung  to  the  base  of  the  skull  by 
ethmopalatine  ligaments,  is  firmly  united  with  the  base 
of  the  skull.  So  far,  the  skull  may  be  compared  in  shape 
to  a  cross-bow.  The  cartilaginous  cranium  and  the 
vertebral  column  behind  it  represent  the  line  of  the  stock 
of  the  bow.  The  upper  and  lower  jaws  represent  the  actual 
bow  when  bent  to  a  half-hoop,  and  the  struts,  running 
out  from  the  hind  end  of  the  auditory  capsules  to  the 
angles  of  the  jaw,  represent  the  string  of  the  bow. 

The  branchial  arches,  except  the  first  which  forms  the 
jaws,  are  united  together  to  form  a  flat  plate,  the  hyoid 
plate,  which  lies  under  and  between  the  lower  jaws. 

Next,  definite  cartilage  bones  are  formed  in  various 
regions  of  the  cartilaginous  skull,  and  lastly  various 
membrane  bones,  really  formed  by  the  ossification  into 
flat  plates  of  the  bony  bases  of  scale-teeth,  like  those  of 
the  dog-fish,  are  plastered  over  the  underlying  structures 
in  various  regions. 
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The  description  to  follow  should  be  compared  carefully 
with  a  prepared  skull;  then  the  skull  of  a  freshly-killed 
frog  should  be  skinned,  plunged  for  a  few  minutes  in 
nearly  boiling  water,  and  carefully  cleaned  by  brushing  and 
scraping.  The  membrane  bones  should  first  be  examined 
and  removed,  and  then  the  general  structure  of  the 
cartilage  and  the  cartilage  bones  studied. 

Membrane  Bones  of  the  Skull. — The  fronto  parietals 
are  a  pair  of  elongate  flat  plates,  united  by  a  suture 
along  the  middle  line,  and  forming  the  roof  of  the 
greater  part  of  the  brain  case. 

The  nasals  are  a  pair  of  flat  triangular  bones  lying 
behind  the  nostrils,  on  the  front  part  of  the  roof  of  the 
skull. 

The  squamosals  are  a  pair  of  "f-shaped  bones  behind 
and  to  the  inside  of  the  tympanic  membrane.  The 
long  arm  of  the  "J*  projects  outwards  and  backwards,  and 
forms  the  dorsal  covering  of  the  suspensorium.  One  end 
of  the  cross-limb  of  the  "]"  reaches  the  posterior  edge  of 
the  top  of  the  skull,  the  other  projects  outwards  and 
forwards. 

The  premaxillary  bones  arc  two  bones  united  in  the 
middle  line,  and  together  forming  the  anterior  part  of 
th  e  upper  jaw.  Each  consists  of  a  lower  plate  bearing  a 
single  row  of  teeth,  and  an  ascending  process  which 
forms  a  movable  articulation  with  the  nasal  cartilage. 

The  maxillae  are  two  elongated  curved  bones,  each 
of  which  unites  in  front  with  one  of  the  premaxillic,  and 
so  continues  the  outline  of  the  upper  jaw.  Behind,  the 
maxillce  unite  with  the  quadrato-jugals,  which  overlap 
them  on  the  outer  side.  The  maxilla;  bear  a  single  row 
of  teeth. 
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The  quadrato-jugals  are  a  pair  of  slender  bones  which 
complete  the  outline  of  the  upper  jaw  behind  ;  their 
broader  posterior  ends  form  part  of  the  articular  surface 
for  the  lower  jaw.    They  have  no  teeth. 

The  parasphenoid  is  a  dagger-shaped  bone  which  lies 
on  the  under  surface  of  the  skull,  nearly  opposite  the 


Fig.  57. — Skull  of  Frog  (cartilage  dotted,  membrane  bones  light, 
cartilage  bones  darker).  Ventral  view  :  membrane  bones  of  the  right 
side  stripped  off.  P.  Premaxilla.  M.  Maxilla.  J.  Quadrato-Jugal.  Ft. 
Pterygoid  with  cartilaginous  pterygoid  below  it.  PI.  Palatine.  V.  Vomer. 
P.O.  Pro-otic.  E.O.  Exoccipital.  Q.  Quadrate  (suspcnsorium).  E. 
Sphenethmoid.    (Partly  after  Ecker.) 

fronto-parietals.  The  handle  of  the  dagger  is  very  short, 
and  nearly  reaches  the  lower  edge  of  the  foramen 
magnum.  The  guard  or  cross-piece  underlaps  the  audi- 
tory capsule  of  each  side.  The  blade  points  forwards 
and  ends  in  the  middle  line,  on  a  level  with  the  front  of 
the  orbits. 
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The  vomers  are  a  pair  of  small  bones  on  the  under 
surface  of  the  front  part  of  the  skull,  just  behind  the 
internal  nostrils,  and  so  nearly  opposite  the  nasals.  Each 
bears  a  small  plate  which  carries  teeth. 

The  palatines  are  a  pair  of  small  narrow  bones  on  the 
under  surface  running  at  right  angles  to  the  long  axis  of 
the  skull  from  behind  the  vomers  to  the  maxilte. 


Fig.  58. — Skull  of  Frog  (cartilage  dotted,  membrane  bones,  shaded 
light,  cartilage  bones  darker).  Dorsal  view  :  membrane  bones  of  right 
side  stripped  oR".  P.  Premaxilla.  M.  Maxilla.  S.  Squamosal.  P.P. 
Fronto-parietal.  N.  Nasal.  E.  Sphencthmoid.  E.O.  Ex-occipital. 
P.O.  Pro  otic.    (Partly  after  Ecker.) 

The  pterygoids  are  a  pair  of  curved,  three-armed  bones 
partly,  but  not  wholly,  of  membranous  origin.  The  shortest 
arm  is  internal,  and  ends  beside  the  front  edge  of  the 
guard  of  the  parasphenoid.  The  longest  arm  runs  for- 
wards and  meets  the  outer  tip  of  the  palatine,  and  for 
some  distance  behind  this  is  in  contact  with  the  inner 
edge  of  the  maxilla,  but  leaves  the  maxilla  before  that 
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meets  the  quadrato-jugal.  The  third  or  outer  arm  runs 
from  the  junction  of  the  inner  and  anterior  arms  along 
the  ventral  surface  of  the  suspensorium,  and  its  tip  forms 
a  small  part  of  the  articular  surface  for  the  lower  jaw. 

The  articular  bone  at  each  side  forms  the  hinder  and 
lower  part  of  the  lower  jaw. 

The  dentary  of  each  side  forms  the  part  of  the  lower 
jaw  in  front  of  the  articular,  but  the  two  dentaries  do  not 
meet  in  front.  Notwithstanding  their  name,  the  dentaries 
do  not  carry  teeth  in  the  frog. 

When  these  membrane  bones  have  been  stripped  oflF, 
the  true  cartilaginous  skull  becomes  visible.  It  is  seen 
to  be  an  unsegmented  cartilaginous  tube  with  the  carti- 
laginous sense  capsules  stuck  in  at  the  sides.  It  is 
imperfect  above,  there  being  under  the  fronto-parietals 
one  large  anterior  fontanelle  and  two  small  posterior 
fontanelles.  In  three  regions  the  cartilage  of  the  skull  is 
replaced  by  cartilage  bones. 

Cartilage  and  Cartilage  Bones  of  the  Skull. — The  ex- 
occipitals  are  two  irregular  bony  masses  at  the  posterior 
end  of  the  skull,  almost  completely  surrounding  the  fora- 
men magnum.  On  their  posterior  faces  they  bear  the 
occipital  condyles,  two  oval  convex  processes  which 
articulate  with  the  atlas  or  first  vertebra. 

The  pro-otics  are  a  pair  of  irregular  bones,  forming 
part  of  the  anterior  walls  and  the  roof  and  floor  of  the 
auditory  capsules. 

The  sphenethmoid  or  girdle  bone  is  a  bony  tube  form- 
ing the  anterior  end  of  the  cranium  ;  it  extends  forwards 
into  the  olfactory  region.  It  is  provided  with  a  vertical 
bony  partition  which  separates  the  cavities  for  the  right 
and  left  olfactory  lobes  of  the  brain. 
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The  upper  jaw  consists  entirely  of  a  cartilaginous  arch 
overlaid  by  the  membrane  bones  which  have  been  de- 
scribed. 

The  lower  jaw  also  is  a  cartilaginous  arch  overlaid  by 
membrane  bones.  The  upper  part  of  the  arch  at  each 
side  is  a  rod  of  cartilage,  the  quadrate,  which  fo?  ms  the 
suspensorium  by  which  the  jaw  is  suspended  to  the  skull. 
Its  upper  end  is  fused  with  the  auditory  capsule,  and 
runs  downwards  and  backwards  to  the  angle  of  the 
mouth,  where  the  cLuadrato-jugal  meets  it.  The  squa- 
mosal and  pterygoid  bones  cover  it,  and  the  cartilagmous 
part  of  the  pterygoid  meets  it.  The  lower  part  of  the 
arch  at  each  side  forms  what  is  called  Meckel's  cartilage. 
The  inner  and  lower  surface  of  this  is  ossefied  as  the 
angulosplenial  bone,  while  another  small  bone,  the  mento- 
meckelian,  lies  at  the  point  where  the  lower  jaws  of  each 
side  meet  in  front. 

In  the  frog  the  gill-arches  are  greatly  modified,  owing 
to  the  disappearance  of  the  gill-slits  in  the  adult  condition. 

The  first  or  mandibular  arch  forms  the  quadrate  and 
the  upper  and  lower  jaws. 

The  tip  of  the  second  or  hyoid  arch  at  each  side  is 
separated  off  to  form  the  columella  or^  ear-bone.  This 
is  a  rod  partly  bony,  partly  cartilaginous,  the  inner  end 
of  which  is  inserted  into  the  fenestra  ovalis,  a  cavity  in 
the  outer  wall  of  the  auditory  capsule.  The  other  end  of 
the  columella  runs  out  to  be  attached  to  the  inner  side 
of  the  tympanic  membrane. 

The  rest  of  the  hyoid  arch  and  the  remains  of  the 
branchial  arches  are  fused  into  a  median  ventral  plate 
with  anterior  and  posterior  horns,  which  lies  in  the  floor 
of  the  mouth  between  the  lower  jaws.    The  anterior 
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cornua  are  a  pair  of  slender  rods  of  cartilage  attached  by 
their  lower  ends  to  the  median  plate,  and  by  their  upper 
ends  to  the  auditory  capsule  just  below  the  attachment  of 
the  columella.  The  posterior  cornua  are  a  pair  of  stout 
bony  processes  diverging  backwards  from  the  hinder 
border  of  the  body  of  the  hyoid. 

Skeleton  of  the  Girdles.    The  pectoral  girdle  consists  of 


Fig.  59. — Diagrammatic  Section  through  Head.  Skeleton  closely 
clotted.  B.  Brain.  L.  Internal  car  with  membranous  labyrinth  (very 
diagrammatic).  C.  Columella.  T.  Tympanic  membrane.  R.  Annulus 
tympanicus.  E.  Eustachian  tube.  m.  Mouth,  h.  Myoid.  a.  Upper 
jaw.    b.  Lower  jaw. 

two  half-hoops  of  cartilage  united  by  ligament  at  their 
upper  ends  to  the  vertebral  column,  and  by  their  lower 
ends  to  the  sternum  or  breastplate.  Each  is  divided  by 
the  articular  cavity  for  the  limb  bone  into  an  upper  or 
Scapular,  and  a  lower  or  coracoid  portion. 

The  scapular  part  consists  of  a  broad,  curved,  cartilagi- 
nous plate  above,  the  supra-scapula,  and  a  lower  narrower 
bony  portion,  the  scapula,  which  runs  down  to  the  articu- 
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lar  cavity.  The  coracoid  consists  of  an  anterior  and 
posterior  portion  separated  by  the  coracoid  foramen. 
The  anterior  part  is  the  precoracoid,  a  slender  bar  of 
cartilage  which  is  covered  by  the  clavicle,  a  membrane 
bone.  The  posterior  part,  or  coracoid  proper,  is  a  stout 
bone  narrow  in  the  middle,  and  stretching  from  the 
articular  cavity  to  a  wide  attachment  to  the  sternum. 
The  sternum  is  a  median  segmented  flattened  rod 
originally  composed  of  two  pieces  which  have  fused 
together  in  the  middle  line.  The  anterior  segment,  or 
episternum,  is  a  plate  of  cartilage  projecting  in  front. 
The  second  segment,  the  omostemum,  is  a  narrow  median 
bone  projecting  in  front  of  the  coracoid.  The  third 
segment  is  composed  of  two  lateral  cartilaginous  pieces, 
the  epicoracoids,  fused  together  in  the  middle  line  and 
attached  at  their  outer  surfaces  to  the  coracoid.  The 
fourth  segment,  the  sternum  proper,  is  a  broad  bony  rod 
projecting  behind  the  coracoid  region.  The  fifth  segment, 
the  xiphisternum,  is  a  flat  plate  of  cartilage. 

The  pelvic  girdle  of  the  frog  is  much  modified  in 
association  with  the  jumping  habits  of  the  animal. 
Instead  of  being  at  right  angles,  it  makes  an  acute  angle 
with  the  backbone.  On  the  outer  surface  at  each  side 
the  girdle  is  divided  by  the  acetabulum,  the  articular 
surface  for  the  limb,  into  an  upper  or  iliac  portion,  and 
a  lower  or  ischio-pubic  portion. 

The  ilium  forms  the  upper  portion  of  the  arch  at  each 
side.  Its  anterior  end  is  attached  to  the  sacral  rib.  Its 
posterior  end  forms  part  of  the  acetabulum,  and  the  two 
ilia  meet  together  at  their  inner  posterior  ends  to  form 
the  iliac  symphisis.    The  ilium  is  bony. 

The  ischio-pubic  or  ventral  portion  of  the  girdle  con- 
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sists  of  a  posterior  part,  the  ischium  corresponding  to 
the  coracoid,  and  an  anterior  portion,  the  pubes  corre- 
sponding to  the  pre-coracoid.  These  are,  however,  closely 

united  together,  and  with  the 
hinder  end  of  the  ilia. 

The  ischium  forms  the  pos- 
terior part  of  the  ventral  divi- 
sion of  the  girdle  at  each  side. 
The  ischia  form  a  large  part  of 
the  acetabulum,  and  the  two  are 
united  in  the  middle  line  to  form 
the  ischial  symphisis. 

The  pubes  form  the  anterior 
portions  of  the  ventral  division 
of  the  girdle.  They  are  fused 
in  the  middle  line  in  the  pubic 
symphisis,  and  they  form  a  very 
small  part  of  the  acetabula. 

Skeleton  of  the   limbs.  The 
limbs   of  all  vertebrates  which 
Fig.   60. -Diagram   of  possess  them  are  built  on  the 

same  general  plan.    The  typical 
structure   consists  of   an  upper 
rod,  the   humerus  (in  arm)  or 
femur  (in  leg)  articulated  at  the 
upper  end  with  the  girdle.  Then 
follow    two    parallel    rods,  the 
radius  (arm),  or  tibia  (leg),  on 
the   side    next    the   body,  and 
the  ulna  (arm)  or  fibula  (leg)  on  the  side  remote  from 
the   body.     Next  come   three  rows    of  small  bones, 
carpals  (wrist),  tarsals  (aukle).     The  first  row  has  three 


Vertebrate  Limb :  digits 
I-V.— Leg  :  1.  Femur.  2. 
Tibia.  2'.  Fibula.  3.  Tibiale, 
intermedium,  filndare.  4. 
Centrale.  5.  Distal  tarsals. 
6.  Metatarsals.  —  Arm  :  1. 
Mumerus.  2.  Radius.  2'. 
Ulna.  3.  Kadiale,  inter- 
medium, ulnare.  4.  Cen- 
trale. 5.  Distal  carpals. 
6.  Metacarpals. 
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bones,  the  radiale  or  tibiale,  at  the  end  of  the  radius  or  tibia, 
the  intermedium,  then  the  ulnare  or  flbulare,  at  the  end  of 
the  ulna  or  fibula.  The  second  row  consists  of  one  bone, 
the  centrale  ;  the  third  row  of  iive  bones,  the  distal  carpals 
(wrist),  distal  tarsals  (ankle).  Then  follow  the  digits  of 
the  hand  or  foot,  numbered  one  to  five,  beginning  with 
the  thumb  or  great  toe,  which  is  opposite  the  radius  or 
tibia  on  the  inside.  Each  digit  has  a  long  bone,  the 
metacarpal  (hand),  metatarsal  (foot),  and  a  number  of 
short  joints,  the  phalanges. 

The  arms  or  legs  of  all  vertebrates  are  based  upon  this 
type.  In  a  very  few  cases  the  number  of  digits  is  in- 
creased, the  increase  taking  place  on  either  side.  In  most 
cases  the  change  from  the  type  consists  in  the  reduction 
of  the  number  of  the  digits  and  in  the  fusion  of  the  bones 
in  some  of  the  rows.  In  order  to  compare  any  animal 
with  the  type  it  should  be  put  in  the  primitive  position. 
For  instance,  in  the  case  of  man,  the  primitive  position 
of  the  limbs  is  attained  when  one  stoops  down  on  the 
hands  and  feet,  as  if  one  were  licking  up  water  from  a 
pool.  Then  the  elbows  project  outwards  and  backwards, 
the  thumbs  point  forwards,  being  on  the  inside  of  the 
hands,  and  the  radius  also  lies  on  the  inside  of  the  arm. 

Skeleton  of  the  forelimb.  i.  Humerus.  The  proximal 
end  or  head  is  enlarged,  and  articulates  with  the  glenoid 
cavity  of  the  pectoral  girdle.  The  distal  end  has  a  rounded 
surface,  with  which  the  forearm  articulates.  2.  The  radio- 
ulna  corresponds  to  the  typical  radius  and  ulna  fused  into 
a  single  bone.  The  outer  side  corresponding  to  the  ulna 
projects  behind  the  articulation  with  the  humerus  as  the 
olecranon  or  elbow  process.  The  three  rows  of  carpals 
are  reduced  to  two.    The  first  row,  or  proximal  carpals, 
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has  three  bones,  the  second  or  distal  row  has  also  three, 
the  outer  one  being  very  large.  There  are  five  metacarpals. 
The  first,  corresponding  to  the  thumb,  is  very  small  and 
has  no  phalanges  ;  it  articulates  with  the  inner  distal 
carpal.  In  the  living  condition  it  does  not  protrude  be- 
yond the  skin,  and  so  the  frog  is  said  to  have  no  thumb. 
The  second  metacarpal  is  large,  and  articulates  with  the 
second  distal  carpal.  It  has  two  phalanges,  and  forms  the 
first  finger  of  the  frog,  which  in  the  male  bears  a  large 
glandular  swelling  in  the  breeding  season.  The  third, 
fourth,  and  fifth  fingers  have  all  stout  metacarpals 
attached  to  the  large  distal  carpal,  and  bear  respectively 
two,  three  and  three  phalanges. 

Skeleton  of  the  hind  limb.  The  femur  is  the  bone  of 
the  thigh.  Its  rounded  head  fits  into  the  acetabulum  of 
the  pelvic  girdle  forming  the  hip-joint.  Its  broader  distal 
extremity  articulates  with  the  bone  of  the  lower  leg.  The 
tibio-fibula,  like  the  bone  of  the  forearm,  is  a  single  struc- 
ture corresponding  to  a  fused  tibia  and  fibula. 

The  ankle  also  is  reduced  to  two  rows  of  bones.  The 
upper  or  proximal  row  consists  of  two  long  bones  sepa- 
rated from  each  other  in  the  middle,  touching  at  the 
ends.  The  bone  on  the  inner  or  tibial  side  is  the 
astragulus,  that  on  the  outer  side  is  the  calcaneum, 
corresponding  to  the  heel  bone  of  higher  animals.  The 
distal  row  of  tarsals  consists  of  two  very  small  bones. 
There  are  five  digits,  number  one,  the  great  toe  being  on 
the  inner  side,  and  actually  being  the  smallest  of  the 
five.  Each  has  a  strong  metacarpal  bone  which  is 
followed  by  respectively  two,  two,  three,  four,  and  three 
phalanges. 

In  addition  there  is  a  supernumerary  digit  consisting  of 
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Fig.  61. — Skeleton  of  Girdles  and  Limbs  of  Frog.  Upper  left-hand 
figure :  Pectoral  Girdle.  SS.  Supra-scapula.  S.  Scapula.  P.E.  Pre- 
coracoid  with  clavicle  (CL. )  overlying  it.  E.  Coracoid  proper.  1.  Epi- 
sternum.  2.  Omosternum.  3.  Epicoracoid.  4.  Sternum  proper. 
5.  Xiphisternum. — Upper  right-hand  figure  :  Arm  and  Hand  of  right 
side,  dorsal  view.  H.  Humerus.  R,  U.  Radio-ulna.  P.O.  Proximal 
carpals.  B.C.  Distal  carpals.  M.C.  Mctacarjials.  PH.  Phalanges. 
I.  First  digit  with  no  phalanges. — Lower  left-hand  figure :  Pelvic 
girdle  of  left  side.  IL.  Ilium.  P.  Puliis.  IS.  Ischium.  AC.  Aceta- 
bulum.— Lower  right-hand  figure  ;  Leg  and  Foot  of  right  side,  dorsal 
view.  F.  Femur.  RU.  Tibio-fibula.  A.  Astragulus.  O.C.  0.s  calcis. 
D.T   Distal  tarsals.    MT.  Metatarsals.    PH.  Phalanges. 
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two  short  joints,  on  the  inner  side  more  internal  than  the 
great  toe. 

DISSECTION  OF  THE  FROG. 

This  should  be  performed  under  water,  the  frog  being 
laid  on  its  back  and  fastened  to  the  bottom  of  the  dis- 
secting dish  by  pins  through  the  limbs.    The  skin,  which 
is  loosely  adherent  to  the  underlying  parts,  being  sepa- 
rated from  them  by  the  lymph  spaces,  should  be  dissected 
off  the  ventral  surface  of  the  body.    The  position  of  the 
pectoral  girdle  should  be  determined,  and  the  anterior 
abdominal  vein  seen  through  the  body-wall  running 
along  the  mid-ventral  line.    The  abdominal  cavity  must 
be  opened  by  a  slit  parallel  to  this  vein,  as  close  to  it  as 
may  be  done  without  injury,  and  the  cut  should  be  con- 
tinued forwards  through  the  pectoral  girdle,  which  may 
be  cut  with  scissors,  to  the  jaw,  and  backwards  to  the 
hinder  end  of  the  body.    Next,  the  abdominal  vein  must 
be  carefully  separated  from  the  body-wall  overlying  it, 
and  then  the  body-wall  at  each  side  should  be  pinned 
back,  short   transverse   incisions   being   made  at  the 
posterior  end  of  the  original  longitudinal  incision.  The 
abdominal  cavity,  as  in  the  dog-fish,  is  the  coelomic 
cavity,  and  the  viscera  are  suspended  by  mesenteries  in 
it  exactly  in  the  same  fashion,  in  reality  lying  outside 
the  cavity.    The  heart,  enclosed  in  a  delicate  pericardium, 
which  is  a  separated  part  of  the  coelome,  lies  in  the 
anterior  region.  The  liver  is  a  large  bilobed  organ,  dark- 
red  in  colour,  lying  partly  behind,  partly  at  the  sides  of 
the  heart.    At  the  sides  of  the  heart  and  dorsal  to  the 
liver,  so  that  they  are  concealed  by  it  from  the  ventral 
surface,  are  the  lungs,  a  pair  of  thin-walled,  lobulated  sacs 
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which  may  be  dilated  with  air  by  blowing  through  a  fine 
tube  passed  through  the  larynx  from  the  mouth.  Im- 
mediately behind  the  liver  may  be  seen  the  fat-bodies, 
two  bright  yellow  tufts  attached  to  the  dorsal  wall  of  the 
body-cavity  behind  the  kidneys,  and  specially  conspicuous 
in  autumn.  Behind  these,  the  greater  part  of  the  cavity 
is  occupied  by  the  coils  of  the  small  intestine,  while,  at 
the  posterior  end,  the  bladder  projects  as  a  transparent 
thin-walled  sac  which  may  be  inflated  by  blowing  through 
a  tube  passed  into  the  cloaca. 

In  males,  which  may  be  recognised  before  dissection 
by  the  glandular  swelling  on  the  index  finger,  the  testes 
appear  as  a  pair  of  yellow,  oval  bodies,  attached  to  the 
dorsal  wall  of  the  abdominal  cavity.  In  females,  which 
are  usually  more  bulky  in  the  abdominal  region,  the 
greater  part  of  the  abdominal  viscera  are  concealed  by  the 
ovaries,  two  large  masses  of  small  black  and  white  eggs, 
and  the  oviducts,  two  much  convoluted,  white  tubes  with 
thick  walls,  lying  at  the  sides  of  the  abdominal  cavity. 

The  peritoneum  is  the  lining  membrane  of  the  body- 
cavity.  It  is  pigmented  in  places  and,  as  in  the  dog-fish, 
inpushings  of  its  walls,  caused  by  the  protrusion  of  the 
organs  into  the  cavity,  form  the  mesenteries, 

THE  ALIMENTARY  CANAL. 

The  oesophagus  is  a  short  wide  tube  opening  into  the 
stomach,  which  is  a  curved,  dilated  tube,  not  bent  to  form 
two  limbs  as  in  the  dog-fish,  and  separated  from  the 
intestine  by  a  pyloric  constriction.  The  intestine  is 
much  longer  and  more  slender  proportionately  to  the 
size  of  the  animal,  and  has  no  spiral  valve,  the  necessary 
extent  of  absorbing  surface  being  given  by  the  increase 
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in  length.  Posteriorly  it  passes  into  the  dilated  rectum, 
which  opens  into  the  cloaca.  The  liver  has  a  right  and 
left  lobe  and  a  large  gall-bladder. 

The  bile  duct  is  a  slender  duct  which  arises  both  from 
the  gall-bladder  and  from  the  right  and  left  lobes  of  the 
liver.  It  runs  through  the  substance  of  the  pancreas  to 
open  into  the  duodenum,  or  first  part  of  the  intestine, 
half-way  between  the  pylorus  and  a  fibrous  ligament 
which  fastens  the  duodenum  to  a  small  separate  lobe  of 
the  liver  lying  above  the  gall-bladder. 

The  pancreas  is  a  whitish,  irregularly  lobed  mass  which 
lies  between  the  stomach  and  the  duodenum.  It  has 
numerous  ducts,  too  snnll  to  be  seen  in  dissection,  which 
open  into  the  bile  duct,  and  so  convey  the  pancreatic 
secretion  to  the  intestine. 

The  spleen  is  a  small,  bright  red  organ  lying  in  the 
mesentery  near  the  anterior  end  of  the  rectum. 

THE  ORGANS  OF  RESPIRATION  AND  CIRCULATION. 

The  condition  of  these  organs  in  the  adult  frog,  and 
the  modified  forms  of  them  present  in  reptiles,  birds,  and 
mammals,  can  be  best  understood  from  a  consideration  of 
the  changes  which  take  place  when  the  tadpole,  the  fish- 
like stage,  passes  into  the  adult  stage.  The  condition  in 
the  tadpole  is  very  similar  to  that  in  the  dog-fish.  At 
each  side  of  the  head  six  gill-bars  appear.  The  first  of 
these  is  the  mandibular  bar,  and,  as  in  the  dog-fish,  this 
gives  rise  to  the  upper  and  lower  jaws.  The  second  is 
the  hyomandibular  bar,  the  succeeding  four  are  branch- 
ial bars,  one  pair  less  than  in  the  dog-fish.  The  tip 
of  the  hyomandibular  bar  forms  most  probabl}'  the 
columella,  while  the  lower  part  unites  with  the  remains 
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of  the  branchial  arches  to  form  the  hyoid  apparatus  of 
the  adult  frog. 

There  are  five  gill-slits.  The  first,  corresponding  to 
the  spiracle,  never  opens  to  the  exterior,  and  the  mem- 
brane closing  its  end  is  generally  believed  to  become  the 
tympanic  membrane,  while  the  cavity  leading  into  the 
front  part  of  the  alimentary  canal  forms  the  eustachian 
tube.  The  four  succeeding  gill-clefts  close  up,  being 
covered  by  an  opercular  membrane  which  grows  forwards 
over  them  from  the  hyo-mandibular  arch. 

While  the  gill-slits  are  open,  the  heart,  as  in  the  dog- 
fish, consists  of  an  S-shaped  contractile  tube,  the  dorsal 
and  posterior  aperture  of  which  receives  blood  from  the 
veins,  while  the  ventral  and  anterior  end  is  continued 
forward  as  a  truncus  arteriosus,  which  gives  rise  to  four 
afferent  branchial  vessels  running  up  the  four  branchial 
bars  to  supply  the  gills.  From  these,  the  blood  is 
collected,  as  in  the  dog-fish,  by  four  pairs  of  efferent 
branchial  vessels  which  unite  behind  to  form  a  systemic 
aorta,  coursing  along  the  body  immediately  under  the 
backbone.  From  the  front  part  of  the  ventral  surface  of 
the  alimentary  canal  a  pair  of  pouches  grow  out  back- 
wards and  form  the  lungs.  They  are  supplied  with  blood 
from  a  special  vessel  which  leaves  the  efferent  vessel  of 
the  fourth  arch  at  each  side. 

The  metamorphosis,  or  change  to  the  adult  condition, 
occurs  rather  suddenly.  The  blood,  instead  of  passing 
through  the  capillaries  in  the  gills,  passes  directly  from 
the  afferent  to  the  efferent  arches  by  short  straight 
vessels  which  connect  them,  and  the  gills  and  the 
capillary  system  shrink  up.  There  are,  therefore,  at 
each  side  four  arches  corresponding  to  the  afferent  and 
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efferent  vessels,  passing  from  the  truncus  arteriosus  to 
the  systemic  aorta.  The  first,  or  most  anterior  of  these 
arches,  gives  rise  to  the  carotid  arteries  of  each  side, 
Avhich  already  before  the  metamorphosis  have  become 
separated  into  an  external  and  an  internal  carotid.  The 
second  arch,  meeting  its  fellow  of  the  other  side,  forms  the 

systemic  aorta  of  the  adult. 
The  third  arches  disappear, 
while  the  fourth  arches  loose 
their  connection  with  the 
systemic  aorta,  and  are  con- 
tinued as  the  branches  to  the 
lungs  which  form  the  pul- 
monary arteries  of  the  adult. 
Meantime  the  originally  S- 
shaped  heart  becomes  broken 
up  into  chambers  by  parti- 
tions. 

The  heart  of  the  adult  must 
be  examined  by  opening  the 
pericardium  and  dissecting  it 
away  from  the  origins  of  the 
hepatic  veins.    PV.  Pulmonary  great  vessels.  ExaQiination  of 
veins.     c.  Cai-oiid.     A.  Sys-  ^-^e  interior  cavities  must  be 

niatic  aorta.      P.A.  i'ulmonary 

artery.  deferred  till  the  vessels  have 

been  examined,  when  the 
heart  may  be  removed  and  its  chambers  slit  open  under 
water  and  wa->hed  free  from  blood. 

The  two  auricles  occupy  the  dorsal  and  anterior  part  of 
the  heart ;  they  are  thin-walled  and  closely  applied  to  each 
other  and  to  the  ventricle,  round  which  they  are  wrapped. 
The  ventricle  is  the  conical  posterior  part  which  is  con- 


FlG 

dorsal 


62. — Heart 
aspect.  V. 


of  Frog ; 
Ventricle. 

LA.  Left  auricle.  RA.  Right 
auricle.  SV.  Sinus  venosus. 
P.O.   Posterior  vena  cava  with 
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tinued  forwards  as  the  truncus  arteriosus,  from  which  the 
great  vessels  arise.  The  sinus  venosus  is  a  thin-walled 
sac  on  the  dorsal  surface  behind  the  auricles  ;  the  three 
venae  cavae  open  into  it. 

When  the  sinus  venosus  is  cut  open,  it  is  seen  to  lead 
into  the  right  auricle  by  a  wide  opening  in  its  anterior 
end.     This  opening  is  partially  guarded  by  a  pair  of 
valves.    The  venous  blood  received  by  the  sinus  passes 
into  the  cavity  of  the  right  auricle,  from  which  it  is 
driven,  by  contraction  of  the   irregular   net-work  of 
muscles  in  the  wall,  into  the  right  side  of  the  ventricle. 
The  left  auricle  is  separated  from  the  right  auricle  by  a 
very  thin  partition.    It  receives  the  oxygenated  blood 
returned  from  the  lungs  by  the  pulmonary  veins,  and,  by 
contraction  of  its  wall,  which,  like  the  right  auricle,  is 
provided  with  a  net-work  of  muscle,  the  blood  is  driven 
into  the  left  side  of  the  ventricle,  through  an  opening 
separated  from  the  right  auriculo-ventricular  opening  by 
a  thin  valve  which  hangs  down  into  the  cavity  of  the 
ventricle.    The  ventricle  has  a  thick,  muscular  wall,  the 
inner  part  of  which  is  spongy.    The  ventricle  opens  into 
the  pylangium,  or  first  part  of  the  truncus  arteriosus,  by  a 
circular  aperture  guarded  by  three  pouch-like  valves,  the 
openings  of  which  are  turned  away  from  the  ventricle  so 
that  if  blood,  pumped  into  the  truncus  from  the  ventricle, 
attempted  to  flow  back  it  would  run  into  these  pockets, 
and  bulging  them  out  would  close  the  aperture. 

The  inner  wall  of  the  pylangium  has  a  spiral  valve  at- 
tached along  its  length  and  hanging  freely  into  the  cavity. 
The  pylangium  is  continued  forwards  into  the  synangium, 
which  is  formed  by  the  united  bases  of  the  arterial  trunks. 
The  aperture  of  the  synangium  into  the  pylangium  is 
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guarded  by  three  pocket-shaped  valves,  the  openings  of 
which  are  directed  away  from  I  he  heart.  The  apertures 
into  the  pulmonary  arteries  are  immediately  behind  these 
valves.  The  wide  cavity  of  the  synangium  forks  in  front, 
and  is  continued  as  the  systemic  aortic  arch  of  each  side. 
A  small  projecting  tongue  hangs  backwards  into  the 
cavity  from  the  angle  of  the  fork,  and  the  small  apertures 
of  the  carotid  arteries  lie  close  together  on  the  under 
surface  of  this  tongue. 

The  mechanism  by  which  the  streams  of  mixed  blood 
coming  from  the  ventricle  are  separated  to  their  proper 
trunks  is  very  complicated.  When  the  ventricle  con- 
tracts the  truncus  arteriosus  is  still  relaxed,  and  the 
impure  blood  from  the  right  side  of  the  heart  buoys  up 
the  spiral  valve  and  reaches  the  lower  or  pulmonary 
openings.  When  the  contraction  has  gone  on  further 
and  the  pure  blood  from  the  left  side  is  entering  it,  the 
truncus  begins  to  contract  and  the  free  anterior  edge  of 
the  spiral  valve  partly  occludes  the  apertures  into  the 
pulmonary  veins,  and  the  purer  stream  is  directed  spirally 
round  the  valve  forwards  to  the  aortic  arches  and  the 
carotids. 

The  Venous  System.  This  should  be  dissected  before 
the  arteries.  The  veins  can  be  distinguished  by  their 
thinner  walls,  through  which  the  contained  blood  is 
visible. 

The  right  and  left  venae  cavse  open  into  the  sides  of  the 
sinus  venosus,  and  are  formed  by  the  junction  of  three 
similar  veins  on  each  side. 

I.  The  external  jugular  vein  is  formed  by  the  junction 
of  the  lingual  vein  from  the  tongue  and  floor  of  the 
mouth,  and  the  mandibular  vein  from  the  lower  jaw. 
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2.  The  innominate  vein  is  formed  by  the  internal  jugular 
vein  from  the  interior  of  the  skull,  and  the  subscapular 
vein  from  the  back  of  the  arm  and  shoulder. 

3.  The  large  subclavian  vein  is  formed  by  the  musculo- 
cutaneous vein  from  the  skin  of  the  side  and  back,  and  the 
brachial  vein  from  the  arm. 

The  posterior  vena  cava  is  a  median  vein  which  runs 
from  between  the  kidneys  from  which  it  returns  the 
blood  to  the  dorsal  part  of  the  liver  through  which  it 
runs  without  breaking  up.  On  its  emergence,  it  is  joined 
by  a  right  and  left  hepatic  vein  and  then  enters  the 
posterior  end  of  the  sinus  venosus.  Between  the  kidneys 
and  liver  it  receives  at  each  side  a  vein  from  the  genital 
organ. 

The  Hepatic  Portal  System.  The  greater  part  of  the 
blood  from  the  hind  limbs  is  returned  by  a  femoral  vein 
at  either  side.  When  these  reach  the  pelvic  region  they 
break  up  into  a  dorsal  and  a  ventral  branch.  The  ven- 
tral branches  unite  and  form  the  anterior  abdominal  vein 
Avhich  runs  forward  to  the  level  of  the  liver,  where  it 
divides  into  right  and  left  branches  which  break  up  in 
the  right  and  left  lobes  of  the  liver.  The  hepatic  portal 
vein  is  a  large  vessel  which  returns  the  blood  from  the 
spleen  and  alimentary  canal.  It  divides  into  a  small 
branch  which  breaks  up  in  the  left  lobe  of  the  liver  and 
a  large  branch  which  joins  the  anterior  abdominal  vein 
before  that  splits  into  right  and  left  branches. 

The  Eenal  Portal  System.  The  dorsal  divisions  of  the 
femoral  veins  receive  each  a  sciatic  vein  from  the  back  of 
the  thigh  and  small,  dorso-lumbar  veins  from  the  body- 
wall  ;  then  they  run  forward  to  the  outer  side  of  the 
kidney  and  break  up  in  tliat  organ. 
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The  pulmonary  veins  return  the  blood  which  has  been 
oxygenated  in  the  lungs  to  the  left  auricle. 

The  Arberial  System.  The  truncus  arteriosus  divides 
into  three  arches  at  each  side. 

The  carotid  arch  is  the  most  anterior,  and  runs  for- 
wards for  about  one-tenth  of  an  inch,  when  it  gives  off  a 
small  lingual  artery  to  the  tongue.  Immediately  beyond 
this  there  is  a  small  spongy  expansion  of  its  wall,  called 
the  carotid  gland.  Beyond  this  a  small  strand  of  tissue, 
the  ductus  Botalli,  runs  back  to  the  systemic  arch  ;  it  is 
the  remains  of  the  original  connection  of  the  first  bran- 
chial efferent  vessel  with  the  systemic  aorta,  and  usually 
is  impervious,  though  as  an  abnormality  it  may  remain 
open.  The  carotid  runs  forwards  by  the  side  of  the 
oesophagus,  and  divides  into  the  external  carotid  which 
supplies  the  mouth  and  the  orbit,  and  the  internal  carotid 
which  enters  the  skull  and  supplies  the  brain. 

The  second  division  of  the  truncus  at  each  side  forms 
the  aortic  arch.  Each  gives  off  a  laryngeal  artery,  several 
small  oesophageal  arteries,  an  occipito-vertebral  artery, 
and  finally  a  large  subclavian  artery  which  supplies  the 
shoulder  and  forelimb.  Then  the  two  aortic  arches  meet 
over  the  alimentary  canal  nearly  at  the  anterior  level  of 
the  kidneys,  and  form  the  systemic  aorta.  From  this, 
immediately  after  the  junction,  arises  a  large  median 
coeliaco-mesenteric  artery  which  divides  into  a  cceliac 
branch  for  the  stomach,  liver  and  gall-bladder,  and  a 
mesenteric  artery  which  divides  into  anterior  and  posterior 
branches  for  the  anterior  and  posterior  parts  of  the  intes- 
tine, and  a  short  splenic  branch  for  the  spleen.  While 
passing  between  the  kidneys,  the  aorta  gives  off  several 
paired  branches  to  them  and  to  the  genital  organs,  lumbar 
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arteries  to  the  body-wall,  and  a  hsemorrhoidal  artery  to 
the  rectum.  When  it  emerges  from  between  the  kidneys 
it  divides  into  a  right  and  left  iliac  artery,  each  of  which, 
after  giving  off  branches  to  the  bladder  and  to  the  ventral 
body-wall,  runs  down  the  leg  as  the  sciatic  artery. 

The  pulmo- cutaneous  arch  is  the  third  division  of  the 
truncus  at  each  side.  At  the  most  anterior  part  of  its 
course  before  it  bends  down  to  the  lung  each  gives  off  a 
large  cutaneous  branch  which  is  distributed  to  the  outer 
skin,  forming  a  conspicuous  branching  system.  During 
winter,  while  the  frog  is  hibernating  in  the  mud  at  the 
bottom  of  ponds  and  ditches,  this  skin-branch  is  the  chief 
means  by  which  oxygen  is  obtained. 

As  in  the  dog-fish,  the  blood  consists  of  a  fluid  plasma 
in  which  are  present  white  amoeboid  corpuscles,  and  oval 
nucleated  red  corpuscles,  the  colour  of  which  is  due  to  the 
presence  of  haemoglobin. 

THE  UKINO-GENITAL  SYSTEM. 

In  the  frog,  as  in  the  dog-fish,  the  genital  organs  appear 
as  a  pair  of  thickenings  in  the  dorsal  wall  of  the  coelome. 
The  excretory  organs  arise  as  a  pair  of  head- kidneys,  each 
head-kidney  or  pronephros  consisting  of  three  nephridia 
opening  by  funnels  into  the  anterior  part  of  the  coelome, 
and  leading  into  a  pronephric  or  segmental  duct  which 
runs  down  the  body,  unites  near  the  posterior  end  with 
its  fellow  of  the  other  side,  and  then  opens  into  the 
cloaca.  Soon  after  the  tadpoles  are  hatched,  the  mesone- 
phros  appears  as  a  number  of  segmentally  arranged  nephri- 
dia opening  into  the  body  cavity  by  ciliated  funnels  and 
into  the  segmental  duct  by  their  other  extremities.  At 
the  time  of  the  metamorphosis,  the  head-kidney  aborts 
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and  the  segmental  duct  splits  longitudinally,  forming  an 
anterior  part  which  extends  forward  in  the  body  nearly 
to  the  position  of  the  original  head-kidney  and  opens 
behind  into  the  second  part.  That  again  remains  in 
connection  with  the  mesonephros,  and  opens  behind  into 
the  cloaca.  The  anterior  division  of  the  original  duct 
undergoes  no  alteration,  in  the  adult  male.  In  the  female 
it  acquires  a  large  opening  into  the  body-cavity  at  its 
anterior  end,  and  becomes  the  oviduct.  The  second  or 
mesonephric  part  of  the  duct  becomes  the  ureter  in  both 
sexes,  there  being  no  true  metanephros  established.  In 
the  male,  as  in  the  dog-fish,  the  sexual  products  pass  to 
the  exterior  through  the  mesonephric  ureter. 

The  Adult  Female.  The  ovaries  are  a  pair  of  black 
masses  lying  in  folds  of  the  peritoneum  in  front  of  the 
kidneys.  In  spring  and  early  summer,  after  the  eggs 
have  been  discharged,  the  ovaries  are  small  ;  in  autumn 
and  winter  they  increase  in  size,  and  numbers  of  ripe 
eggs  are  detached  from  them  and  occupy  the  body-cavity 
in  masses.  Very  early  in  spring,  when  sexual  union 
takes  place,  the  body  of  the  female  is  pressed  by  the 
male  so  that  the  eggs  are  forced  into  the  coelomic  funnels 
of  the  oviducts,  and,  finding  their  way  to  the  exterior, 
are  fertilised  as  they  leave  the  body. 

The  oviducts  are  a  pair  of  much  convoluted  thick- 
walled  tubes  opening  behind  into  the  cloaca  by  two 
separate  apertures  on  the  dorsal  wall,  and  in  front  by 
funnels  into  the  ccelome  close  to  the  anterior  ends  of  the 
lungs. 

The  kidneys  are  a  pair  of  elongate,  reddish,  flattened 
bodies  lying  close  to  the  middle  line  on  each  side  of 
the  backbone.    The  ureters  are  a  pair  of  slender  white 
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tubes  running  from  the  outer  edges  of  the  posterior 
part  of  the  kidneys  to  the  dorsal  wall  of  the  cloaca  ; 
they  open  immediately  behind  the  oviducts  and  opposite 
the  opening  of  the  bladder  which  is  on  the  ventral 
wall  of  the  cloaca.  In  the  living  frog  the  bladder  contains 
fresh  water,  not  excretory  products. 

The  Adult  Male.  The  testes  are  a  pair  of  rounded 
organs  lying  on  the  ventral  surface  of  the  kidneys.  The 
vasa  efferentia  are  a  number  of  small  tubes  leading  from 
the  testes  to  the  inner  edges  of  the  kidneys  into  which 
they  pass,  enabling  the  spermatozoa  to  be  discharged 
through  the  ureters. 

The  kidneys  are  similar  to  those  of  the  female. 

The  ureters,  which  function  also  as  vasa  deferentia,  run 
from  the  outer  side  of  the  kidney  to  the  dorsal  wall  of  the 
cloaca,  into  which  they  open  opposite  the  opening  of  the 
bladder. 

The  vesicula  seminalis  is  a  dilatation  of  the  outer  wall 
of  the  vas  deferens  or  ureter  of  each  side,  between  the 
kidney  and  the  cloaca. 

THE  NERVOUS  SYSTEM. 

This  is  essentially  similar  to  that  of  the  dog-fish,  and  it 
should  be  compared  carefully  with  the  figures  and  notes 
made  while  that  was  being  dissected.  Owing  to  the 
greater  diflficulty  of  dissecting  the  cranial  nerves  of  the 
frog,  the  elementary  student  is  recommended  not  to 
attempt  them  until  he  has  thoroughly  mastered  their 
arrangement  in  the  dog-fish.  The  dorsal  surface  of  the 
brain  should  be  exposed  by  removing  the  fronto-parietals, 
and  continuing  the  opening  by  removing  the  dorsal  surface 
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of  the  occipital  region  and  of  the  atlas.  Examination  of  the 
ventral  surface  must  be  deferred  until  the  cranial  nerves 
have  been  dissected. 

The  divisions  of  the  brain  are  the  same  as  in  the  dog- 
fish. The  olfactory  lobes  form  the  most  anterior  part. 
They  are  fused  together  in  the  middle  line  on  the  dorsal 
surface  and  from  their  anterior  ends  arise  the  olfactory 
nerves. 

The  prosencephalon  is  clearly  divided  into  two  cerebral 
hemispheres,  which  diverge  behind. 

The  thalamencephalon  is  a  small  space,  partly  over- 
lapped by  the  ends  of  the  cerebral  hemispheres  in  front. 
It  is  covered  by  a  vascular  choroid  plexus  through  which 
the  stalk  of  a  small  pineal  body  passes.  The  pineal 
reaches  to  the  under  surface  of  the  skull. 

The  mesencephalon  has  a  pair  of  very  large  optic  lobes, 
and  from  the  region  immediately  behind  them  the 
fourth  nerves  arise  from  the  dorsal  surface. 

The  cerebellum  is  an  exceedingly  small  transverse  band 
of  tissue  stretching  across  the  anterior  part  of  the  fourth 
ventricle. 

The  medulla  oblongata  is  relatively  large,  broad  in 
front,  and  tapers  behind  as  it  passes  into  the  spinal  cord. 
The  fourth  ventricle  is  roofed  over  by  a  thin  vascular 
membrane  which  is  usually  torn  in  dissection.  From 
the  sides  of  the  medulla  the  fifth,  seventh,  eighth,  ninth 
and  tenth  nerves  may  be  seen  arising  by  three  roots. 
There  are  no  restiform  bodies. 

On  the  ventral  surface,  the  optic  chiasma,  as  in  the 
dog-fish,  occupies  the  ventral  surface  of  the  thalamence- 
phalon. Behind  it  is  a  bilobed  infundibulum  from  which 
the  pituitary  body  extends  backwards  over  the  anterior 


26o 


OUTLINES  OF  BIOLOGY 


part  of  the  medulla,  as  an  elongate,  rounded  mass. 
Between  the  pituitary  body  and  the  infundibulum  the 
third  nerves  arise  from  the  ventral  surface  of  the  brain, 
and  the  sixth  nerves  arise  from  the  ventral  surface  of  the 
anterior  part  of  the  medulla. 

The  crura  cerebri  are  two  diverging  masses  of  fibres 
seen  behind  the  optic  lobes.  They  connect  the  cerebrum 
with  the  medulla  and  spinal  cord. 

The  cavities  of  the  brain  are  similar  to  those  in  the 
dog-fish,  and  receive  similar  names. 

The  Peripheral  Nervous  System.  As  in  the  dog-fish 
the  spinal  nerves  arise  by  dorsal  ganglionated  roots 
and  ventral  motor  roots.  These  unite  outside  the 
spinal  canal.  The  hypoglossal,  or  first  spinal  nerve, 
runs  forwards  to  the  muscles  of  the  tongue  and  floor 
of  the  mouth,  showing  that  the  process  of  cephalisa- 
tion  has  gone  on  further  in  the  frog  than  in  the  dog-fish. 
A  notable  condensation  of  the  segmentation  of  the  spinal 
nerves  occurs  in  two  regions.  The  second  and  third 
spinal  nerves  unite  together  to  form  at  each  side  a  large 
brachial  nerve  for  the  shoulder  and  arm.  The  seventh, 
eighth,  and  ninth  spinal  nerves  similarly  unite  at  each 
side  to  form  a  large  sciatic  plexus  which  supplies  the 
hinder  limb  and  a  large  portion  of  the  posterior  region 
of  the  body. 

The  Cranial  Nerves. 

1.  The  olfactory  nerve  supplies  the  nasal  organ. 

2.  The  optic  nerve,  as  in  the  dog-fish,  is  an  outgrowth 
from  the  brain,  the  anterior  end  of  which  became  first 
the^tic  vesicle  and  then  the  retina. 

3.  4,  and  6.  The  third  nerve,  the  fourth  nerve  and  the 
sixth  nerve  have  origin,  course,  and  distribution  as  in  the 
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dog-fish,  but  from  their  minute  size  are  difficult  to  dissect 
in  the  frog. 

5.  The  fifth  nerve  is  the  most  anterior  of  those  arising 
from  the  side  of  the  medulla.  It  runs  forwards  within 
the  cranial  cavity  to  the  region  in  front  of  the  auditory 
capsule.  It  then  expands  to  form  a  large  gasserian 
ganglion,  and  immediately  afterwards  passes  through 
the  skull-wall  into  the  orbit,  and  divides  into  two  main 
branches.  The  first,  or  ophthalmic  branch,  runs  along 
the  inner  wall  of  the  orbit,  passes  in  two  branches 
through  the  walls  of  the  nasal  capsule,  and  is  distributed 
to  the  forepart  of  the  head.  The  second  or  maxillo- 
mandibular  branch  runs  outwards  behind  the  eyeball 
and  divides  to  supply  the  upper  and  lower  jaws. 

7.  The  seventh  or  facial  nerve  arises  from  the  side  of  the 
medulla  next  behind  the  fifth.  It  runs  forward  parallel 
to  the  fifth  nerve  to  the  gasserian  ganglion  with  which 
it  is  connected,  and  then  emerges  into  the  orbit  close 
behind  the  fifth.  There  it  divides  into  a  palatine  branch 
which  runs  forwards  to  the  roof  of  the  mouth,  and  a 
hyomandibular  branch  which  forks  under  the  tympanic 
membrane,  first  giving  off  twigs  to  that  and  to  the  angle 
of  the  mouth.  The  anterior  branch  of  the  fork,  or 
ramus  mandibularis,  runs  along  the  floor  of  the  mouth 
just  inside  the  edge  of  the  lower  jaw  ;  the  second 
branch,  or  ramus  hyoideus,  runs  along  the  floor  of  the 
mouth  deeper  down  and  supplies  the  muscles  of  the  hyoid. 

8.  The  auditory  nerve  arises  immediately  behind  and 
apparently  but  not  really  fused  with  the  seventh  ;  it 
passes  at  once  into  the  auditory  capsule. 

9  and  10.  The  ninth,  or  glossopharyngeal,  and  the 
tenth,  the  pneumogastric  or  vagus  arise  together  from 
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the  side  of  the  medulla  more  posteriorly.  The  two 
emerge  together  from  the  skull  behind  the  auditory 
capsule.  The  ninth  divides,  and  the  anterior  branch,  which 
runs  round  the  posterior  end  of  the  auditory  capsule, 
joins  the  seventh  nerve  in  front  of  the  columella  ;  the 
posterior  branch  runs  downwards  and  forwards  to  the 
pharynx,  and  then  supplies  several  of  the  muscles  of  the 
tongue. 

The  tenth  nerve  enlarges  to  form  a  ganglion  im- 
mediately outside  the  skull  ;  it  then  runs  backwards 
through  the  body  giving  off  nerves  to  the  muscles  of  the 
back,  and  several  important  nerves  to  the  viscera. 
These  are  given  off  from  the  point  where  the  vagus 
reaches  the  pulmonary  artery.  The  laryngeal,  or  re- 
current branch  of  the  vagus,  loops  round  the  pulmonary 
artery  close  to  its  origin  from  the  truncus,  and  then  runs 
forwards  again,  parallel  to  the  vagus  until  it  enters  the 
larynx  in  the  middle  line.  The  cardiac  branch  passes 
dorsal  to  the  pulmonary  artery  and  reaches  the  sinus 
venosus,  passing  over  the  vena  cava  anterior.  The 
branches  of  each  side  unite  and  pass  into  the  auricular 
septum.  The  pulmonary  branches  run  along  the  pul- 
monary arteries  to  the  lungs.  The  gastric  branches, 
two  at  each  side,  pass  to  the  walls  of  the  stomach. 

The  Sympathetic  System.  This  consists  at  each  side  of 
a  longitudinal  ganglionated  trunk  extending  from  the 
gasserian  ganglion  in  the  skull  to  the  posterior  spinal 
nerve.  The  ganglia  are  connected  with  the  spinal 
nerves  and  give  off  numerous  networks  to  the  viscera, 
the  chief  of  which  are  a  cardiac  plexus  over  the  auricles 
and  the  roots  of  the  great  vascular  trunks,  and  a  solar 
plexus  over  the  stomach. 
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The  longitudinal  sympathetic  cord  at  each  side  starts 
from  the  gasserian  ganglion.  It  runs  backwards  and 
emerges  from  the  skull  with  the  ninth  and  tenth  nerves, 
being  connected  with  the  ganglion  of  the  vagus.  It 
then  runs  backwards  alongside  the  vertebral  column,  and 
has  a  ganglion  in  connection  with  each  spinal  nerve  and 
several  in  connection  with  the  tenth  spinal  nerve.  In 
the  posterior  region  of  its  course  it  is  closely  attached  to 
the  side  of  the  systemic  aorta. 

THE  SENSE  ORGANS. 

In  the  tadpole  there  is  a  lateral  line  with  definite  sense 
organs,  the  sensory  cells  of  which  are  surrounded  by 
projecting  cuticular  tubes.  In  the  adult  these  have 
degenerated  into  patches  of  mucus-forming  cells.  But, 
irregularly  placed  on  the  skin,  especially  on  the  fingers 
and  toes,  there  are  small  touch  bodies,  each  of  which 
consists  of  a  transparent  cluster  of  flattened  cells,  richly 
supplied  by  nerve  fibres. 

The  mucous  membrane  of  the  tongue  and  roof  of  the 
mouth  contains  numerous  taste  bodies,  each  of  which 
consists  of  several  cells  with  forked  projecting  extremities 
and  inner  ends  in  connection  with  nerve  fibrils. 

The  eye  is  essentially  similar  to  that  of  the  dog-fish. 
But  the  cornea  is  more  curved,  and  between  the  cornea 
and  the  lens  is  a  small  chamber  containing  aqueous 
humour.    The  choroid  coat  has  no  tapetum. 

The  nasal  organs  are  proportionately  smaller  and  must 
be  examined  by  microscopic  sections.  The  cavity  is 
constricted  into  three  divisions,  the  outer  of  which  com- 
municates with  the  nostrils,  the  inner  by  the  internal 
nares  with  the  buccal  cavity. 
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The  Ears.  The  internal  ear  is  essentially  similar  to  that 
of  the  dog-fish,  but  there  is  no  aqueductus  vestibuli  in  the 
adult,  and  the  sacculus  is  more  distinct  from  the  utri- 
cuhis.  In  the  dog-fish  the  auditory  capsule  is  separated 
from  the  outer  world  only  by  the  outer  skin.  In  the 
frog  the  capsule  is  more  deeply  sunk  in  the  side  of  the 
head.  The  upper  part  of  the  hyomandibular  gill-cleft, 
which  opens  below  into  the  mouth  as  the  eustachian 
tube  and  which  is  closed  over  by  the  tympanic  mem- 
brane, forms  a  middle  or  accessory  auditor}-  chamber. 
The  inner  wall  of  this  is  formed  by  the  outer  wall  of  the 
auditory  capsule,  and  in  this  there  is  a  hole  into  which 
the  head  of  the  columella  fits.  The  columella  stretches 
across  to  the  tympanic  membrane  and  its  outer  end  is 
attached  to  that.  Thus  vibrations  of  the  tympanum  are 
transmitted  along  the  columella  and  by  its  inner  end  are 
transmitted  to  the  inner  ear.  In  higher  animals  this 
middle  chamber  in  turn  is  sunk  into  the  side  of  the  head 
and  so  the  tympanic  membrane  is  at  the  bottom  of  a 
cavity,  the  external  auditory  meatus,  which  is  surrounded 
by  the  shell  of  the  ear.  Thus  in  man,  the  frog  and  the 
dog-fish,  three  stages  of  elaboration  are  shown. 
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HE  animals  we  have  examined  form  in  a  sense  an 


.1.  ascending  scale.  The  frog  is  higher  than  the  dog- 
fish, the  dog-fish  than  the  worm,  the  worm  than  hydra, 
and  hydra  than  amoeba.  No  doubt  each  of  them  is 
equally  fitted  to  the  circumstances  in  which  it  lives,  and, 
so  far  as  what  is  called  adaptation  to  its  environment 
goes,  each  is  equally  well  oflF,  and  the  frog,  for  instance, 
would  be  as  unable  to  occupy  the  place  of  amoeba  as 
amoeba  would  be  for  the  manner  of  life  of  the  frog. 
But  in  the  type  of  its  structure,  each  of  them  forms 
an  improvement  and  advance  on  the  one  next  below. 
Hydra  is  a  colony  of  single  cells  which  are  specialised  and 
arranged  so  as  to  form  the  coelenterate  type  of  structure. 
The  coelomate  type  is  an  extension  and  improvement  on 
the  coelenterate,  while  among  the  coelomata  the  verte- 
brate type  is  composed  by  a  series  of  alterations  of  and 
additions  to  a  simple  invertebrate  type.  Among  the 
vertebrates  we  have  seen  that  the  type  on  which  the 
frog  is  built  is  in  many  respects  simply  an  improved  and 
altered  edition  of  the  dog-fish  type.  It  must  be  remem- 
bered, however,  that  we  have  examined  only  three  or 

four  out  of  the  multitude  of  forms  composing  the  animal 
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kingdom  ;  and  each  kind  of  animal  in  addition  to  its 
ground-plan,  its  typical  structure,  has  an  immense 
number  of  individual  characters.  It  is  only  after  the  ex- 
amination of  a  larger  number  of  animals  that  it  is  possible 
in  individual  cases  to  separate  the  structure  of  the  animals 
that  are  individual  peculiarities  from  the  structures  which 
characterise  its  type.  Every  one  has  seen  the  immense 
blocks  of  buildings  divided  into  hundreds  of  sets  of  flats 
that  are  now  being  erected  in  our  large  cities.  There  are 
generally  only  three  or  four  types  of  suites  of  rooms 
among  all  these  sets.  But  before  they  are  occupied  one 
may  see  a  legend  on  a  placard  stating  that  these  flats  will 
be  "  papered  and  decorated  to  suit  the  wishes  of  the 
tenants."  When  this  has  been  done  the  different  tenants 
have  their  own  ideas  of  furniture,  of  arrangement  of 
pictures,  and  so  forth,  and  when  the  whole  block  is 
occupied  perhaps  only  an  architect  could  discern  among 
all  the  diversities  of  appearance  the  three  or  four  ground- 
plans  of  structure  that  exist.  The  animal  kingdom  in 
many  respects  is  like  this.  But  the  amoeba,  the  hydra, 
the  earthworm,  the  dog-fish,  and  the  frog,  have  been 
selected  because  they  are  representatives  of  the  leading 
types  of  structure  that  have  been  found  to  exist  among 
animals. 

The  embryological  development  of  an  animal  is  the 
series  of  changes  through  which  it  passes  from  its  first 
formation  to  its  arrival  at  the  adult  type.  It  will  be 
remembered  that  even  in  the  protozoa  there  were 
instances  of  changes  of  this  nature.  For  instance,  when 
Vorticella  reproduces  by  spore  formation,  the  tiny,  naked, 
nucleated  mass  of  protoplasm  that  emerges  through  the 
ruptured  spore-wall  bears  no  resemblance  to  the  adult 
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condition.    It  feeds  and  grows,  develops  cilia  and  swims 
about.    At  last,  however,  it  forms  a  pharynx,  peristome, 
and  disc,  and,  becoming  fixed  by  a  contractile  stalk,  settles 
down  as  an  adult  vorticella.    However,  the  young  cell 
creeping  out  of  the  spore  is  as  much  a  cell  as  the  fully 
formed  complicated  animal.    In  the  embryological  de- 
velopment of  all  the  metazoa  the  set  of  changes  consists 
not  only  in  the  specialisation  of  cells,  but  in  their  multi- 
plication and  arrangement  in  definite  ways.    It  is  now 
known  that  animals  in  the  course  of  their  development 
pass  through  stages  corresponding  to  the  main  types  of 
structure  below  them.    Thus  the  sexual  development  of 
all  the  metazoa  begins  with  the  tmion  of  a  male  cell,  or 
spermatozoon,  with  a  female  cell  or  ovum.    This  corre- 
sponds to  the  conjugation  of  two  protozoa  before  spore 
formation.    Next,  by  division  of  the  cell  resulting  from 
the  fusion  of  the  male  and  female  cells,  a  masp  of  cells  is 
formed  sometimes  solid,  sometimes  hollow,  and  this  stage, 
the  blastosphere,  corresponds  to  a  colony  of  protozoa.  Next 
the  blastosphere  turns  into  a  two-layered  form  such  as 
the  gastrula.  The  coelenterate  animals  do  not  rise  beyond 
this  in  type.    Hydra  is  a  simple  modification  of  it,  and 
the  other  coelenterates  are  simply  complications  of  the 
gastrula  type.    Next,  the  gastrula  becomes  coelomate  by 
the  formation  of  the  middle  layer  and  the  coelome.  Then 
a  number  of  different  covirses  may  be  followed.     In  a 
typical  invertebrate  a  leading  change  consists  in  the  con- 
centration of  the  ectodermal  nervous  layer  into  a  brain,  a 
ring  round  the  oesophagus,  and  a-  ventral  ganglionated 
chain.    In  the  typical  vertebrate  the  ectodermal  nervous 
layer  becomes  concentrated  into  a  brain  and  dorsal  nervous 
tube,  while  a  skeletal  structure,  the  notochord,  appears 
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between  the  gut  and  the  dorsal  nerve  tube.  At  the  same 
time  the  front  end  of  the  aHmentary  canal  becomes 
modified  in  connection  with  respiration  by  the  forma- 
tion of  gill-slits. 

We  shall  now  consider  the  essential  elements  of  the 
process  of  development  in  greater  detail,  keeping  specially 
in  mind  the  vertebrate  type,  because,  as  the  highest,  it 
includes  the  leading  features  of  lower  types. 

Naturally  we  begin  with  the  sexual  cells.  The  testes 
and  ovaries  are  situated  in  different  places  in  different 
animals.  They  are  among  the  earliest  organs  that  appear 
in  development.  In  some  cases  the  fertilised  egg-cell 
at  its  first  division  separates  into  one  cell  that  forms  the 
general  body  of  the  animal  and  one  cell  that,  by  subse- 
quent division,  forms  the  ovary  or  the  testis.  In  verte- 
brates, however,  the  genital  organs  are  not  visible,  perhaps 
not  actually  present  as  cells  until  the  middle  layer  of 
cells  has  appeared.  The  material  beginning  of  the  ovary 
or  testis  consists  of  a  few  cells  with  large  nuclei  in  the 
dorsal  wall  of  the  coelome. 

The  testis  of  an  adult  consists  almost  always  of  an 
organ  composed  of  a  number  of  tubes,  the  hollow  walls 
of  which  are  lined  by  cells.  As  these  give  rise  to  sper- 
matozoa they  may  be  called  sperm-mother-cells  (Fig.  64.1). 
Each  sperm-mother-cell  possesses  a  nucleus  with  a 
definite  number  of  chromosomes.  In  the  case  repre- 
sented at  2  there  are  eight  of  these,  and  there  is  also  a 
centrosome.  The  sperm-mother-cell  divides  by  karyo- 
kinesis  first  into  two  cells,  and  then  each  of  these  into 
four.  But  in  this  process  no  longitudinal  splitting  of  the 
chromosomes  occurs,  so  that  each  of  the  four  cells  possesses 
only  two  of  the  original  eight  chromosomes.  Each  in  addi- 


EMBRYOLOGY  269 

tion  possesses  a  centrosome.  These  four  cells  are  called 
spermatoblasts,  or  young  spermatozoa,  and  by  a  change 
of  shape  they  turn  into  fully-grown  spermatozoa.  The 
chromosomes  pass  into  the  resting  condition,  and  in 
vertebrates  form  a  long,  narrow,  rather  flattened  mass 
Avhich  is  known  as  the  head  of  the  spermatozoon.  The 
centrosome  is  attached  to  one  end  of  this,  and  is  known 


Fig.  64. — Diagram  of  Spermatogenesis.  1.  Primitive  sperm-mother- 
cell  from  wall  of  s]3erm-tube.  2.  Ripe  sperm-mother-cell  with  eight 
chromosomes.  3  and  4.  First  reducing  division.  5  and  6.  Second 
reducing  division,  a.  b.  c.  d.  Forms  of  adult  spermatozoa,  a.  Crus- 
tacean.   To.  Man.    d.  Newt.    c.  Insect. 

as  the  middle  piece  of  the  spermatozoon.  Finally  the 
protoplasm  passes  entirely  to  the  end  of  the  centrosome 
which  is  not  next  the  nucleus  or  head,  and  forms  the  long 
waving  tail  by  which  the  spermatozoon  is  able  to  move 
actively  in  fluids.  The  sperm-cells  in  this  condition  are 
ripe  and  ready  to  leave  the  body  of  the  male.  In  lower 
animals  they  are  most  often  discharged  directly  into  the 
water  and  swim  about  until  they  meet  the  egg-cell,  which, 
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•however,  usually  remains  in  the  body  of  the  parent.  In 
higher  animals  usually  they  are  passed  directly  into 
the  body  of  the  female  by  special  intromittent  organs, 
and  the  act  of  copulation  is  this  process.  The  sperm- 
cells  are  the  smallest  cells  of  animal  tissues,  and 
they  are  produced  in  immense  quantities  by  the  males. 
The  seminal  fluid  is  a  partly  mucous,  partly  albuminous 
secretion  into  which  the  spermatozoa  pass,  and  a  single 


Fig.  65. — Diagram  of  Ovogenesis.     A.  Primitive  ovum.     B.  Ripe 
•  ovum  with  eight  chromosomes.     C.  and  D.   First  reducing  division. 
2.  Polar  body.    E.  Second  reducing  division  of  polar  body  and  of  egg. 
F.  Ripe  egg. 

drop  of  semen  contains  many  hundreds  of  them.  The 
most  common  shape  is  tadpole  like,  but  many  other 
shapes  exist  in  lower  animals. 

The  ovary,  like  the  testis,  consists  of  a  mass  of  cells 
which  may  give  rise  to  female  cells  or  ova.  These  are 
not,  as  in  the  testis,  arranged  in  tubes,  but  in  little  masses 
or  follicles,  each  follicle  usually  consisting  of  one  cell 
which  will  become  an  ovum  surrounded  by  many  cells 
which  form  food-yolk  for  the  ovum.    The  ovum,  like  the 
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spermatozoon,  has  a  definite  number  of  chromosomes  in 
the  nucleus,  in  all  probability  the  same  number  as  are 
present  in  the  sperm-mother-cell  of  the  same  species. 

As  in  the  case  of  the  sperm-mother-cell  the  primitive 
ovum  divides,  but  the  division  is  confined  to  the  nucleus. 
It  takes  place  without  division  of  the  chromosomes,  and 
the  half-nucleus  containing  half  the  number  of  chromo- 
somes (Fig.  65)  is  extruded  from  the  cell  and  remains 
attached  to  it  on  the  outside.  In  this  condition  it  forms 
what  is  called  a  polar  body.  The  remaining  nucleus  again 
divides  without  first  doubling  the  number  of  chromo- 
somes, and  this  half  is  extruded  as  a  second  polar  body 
containing  two  chromosomes.  There  is  thus  left  behind 
an  egg-cell  with  the  chromosomes  reduced  by  the  extru- 
sion of  two  polar  bodies  to  two  in  number  and  a  centro- 
some.  The  polar  bodies  simply  disappear.  While  this 
has  been  occurring  the  follicle  cells  have  been  pouring 
yolk  granules  into  the  ovum.  This  serves  for  the 
nourishment  of  the  future  embryo  in  its  early  stages 
of  development.  In  some  cases,  as  for  instance  in  man, 
only  an  exceedingly  small  quantity  of  food-yolk  is 
formed,  and  the  cell  remains  small  and  invisible  to  the 
naked  eye.  In  other  cases,  as  in  the  dog-fish,  a  very 
large  quantity  of  yolk  is  added,  and  the  whole  cell 
become  bloated  and  is  very  large.  The  yellow  yolk  of  a 
hen's  egg,  for  instance,  is  the  egg-cell  expanded  till  its 
diameter  is  nearly  an  inch,  by  the  addition  of  food-yolk. 

The  egg-cell  in  this  ripe  condition  is  discharged  from 
the  ovary  and  may  escape  from  the  body  of  the  parent  to 
be  fertilised  in  the  water,  or  it  may  remain  within  the 
mother  in  a  special  duct  leading  to  the  uterus  or  womb, 
when  the  animal  possesses  such  an  organ.    In  the  dog- 
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fish  it  remains  in  the  oviduct  until  it  has  been  fertilised  : 
in  the  frog  it  is  pressed  out  of  the  body  by  the  male  frog, 
and  the  spermatozoa  come  in  contact  with  it  in  the  water 
as  it  leaves  the  body.  The  essential  part  of  fertilisation 
is  the  union  of  one  spermatozoon  with  the  ov^um.  It  is 
usually  the  first  spermatozoon  that  reaches  the  egg  that 
penetrates  it  to  effect  this.  In  most  cases  any  additional 
spermatozoa  that  reach  the  egg  fail  to  penetrate  it  ; 


a 


Fig.  66. — Diagram  of  Impiegnation.  A.  Mature  egg  with  approach- 
ing spermatozoon  (the  tail  has  dropped  off  in  the  figure).  B.  The  head 
and  centrosome  of  the  spermatozoon  have  entered  the  egg.  C.  The 
two  draw  together.     D.  P^ertihsed  sperm-ovum  with  centrosome. 

when  they  succeed  a  quite  abnormal  method  of  division 
results,  and  after  a  short  time  the  egg-cell  dies.  Of 
the  successful  spermatozoon,  only  the  head  or  nucleus, 
and  the  middle  piece  or  centrosome,  actually  penetrate. 
The  tail  drops  off  and  disappears.  Radiating  lines  of 
protoplasm  form  round  both  the  original  nucleus  of  the 
ovum  and  the  immigrant  nucleus  of  the  spermatozoon. 
The  two  gradually  draw  nearer  and  ultimately  fuse.  In 
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most  cases  it  appears  that  the  centrosome  of  the  ovum 
disappears,  while  the  centrosome  that  came  in  with  the 
spermatozoon  persists  and  forms  the  centrosome  of  the 
fertiUsed  egg-cell  which  is  now  ready  to  divide. 

Thus  we  see  that  the  new  organism,  in  the  case  of  the 
sexual  reproduction  of  metazoa,  is  produced  from  the  cell 
which  results  from  the  conjugation  of  an  egg-cell  and  a 
sperm-cell.  But  as  a  matter  of  fact,  the  cell  so  formed 
derives  its  separate  elements  unequally  from  male  and 
female.  All  the  protoplasm  of  the  cell-body  is  that  of 
the  female.  The  centrosome  is  that  of  the  male.  The 
nuclear  matter  consists  of  two  chromosomes  from  the 
female  and  two  chromosomes  from  the  male.  As  a 
matter  of  common  observation,  we  know  that  children  or 
animals  inherit  as  much  from  their  fathers  as  from  their 
mothers.  It  is  to  be  inferred  from  this  that  if  the  in- 
herited characters  are  conveyed  by  the  male  and  female 
cells,  and  we  know  of  no  other  way  in  which  they  could 
be  conveyed,  they  are  conveyed  by  some  part  of  the 
sexual  cells  to  which  both  parents  contribute  equally. 
It  is  the  chromosomes  of  the  nucleus  which  are  equally 
contributed  by  both  parents,  in  the  figures  each  supply- 
ing two.  Accordingly,  it  is  generally  be- 
lieved that  the  chromatin  of  the  nucleus 
is  the  bearer  of  inherited  characters. 

The  centrosome  is  almost  certainly  an  organ  of  division, 
and,  as  we  have  seen,  it  may  be  derived  simply  from  the 
male,  although  in  some  cases  the  centrosome  of  the 
ovum  also  persists.  The  protoplasm  of  the  body  of  the 
egg  alone  is  present  in  the  fertilised  cell.  In  one  case  it 
has  been  shown  by  actual  experiment  that  it  does  not 
act  as  the  bearer  of  maternal  characters.    A  German  in- 
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vestigator  was  able  to  remove  the  nucleus  from  the  egg- 
cells  of  one  species,  which  may  be  called  species  A. 
Then  he  poured  over  the  eggs  spermatozoa  from  another 
species,  which  we  may  call  B.  He  found  that  the  eggs 
developed  into  young  embryoes  of  the  species  B.  As 
there  was  present  only  male  nuclear  matter,  only  the 
characters  of  the  species  to  which  the  male  belonged 
were  transmitted. 

We  see,  then,  that  the  nucleus  of  cells  has  one  im- 
portant and  special  function.  It  is  the  part  of  the  cell 
which,  when  the  cell  conjugates  with  another,  or  divides, 
is  the  bearer  of  the  characters  of  the  cell. 

In  addition  to  what  has  been  mentioned,  an  important 
set  of  secondary  structures  are  frequently  developed 
round  the  egg.  These  serve  as  shells  or  membranes 
which  protect  the  young  embryo  during  the  early  stages 
of  its  growth.  They  are  formed  in  very  diflferent  ways, 
and  there  may  be  several  of  them  present  in  a  single 
case.  The  simplest  is  a  cell-wall  formed  from  the  proto- 
plasm of  the  egg  itself.  This  is  generally  a  very  thin 
and  delicate  structure,  but  round  about  it  other  pro- 
tective membranes  may  be  formed,  especially  when,  from 
the  presence  of  much  food-yolk,  the  egg  is  large  and 
bulky.  The  follicle-cells  which  surrounded  the  ovum 
while  it  was  in  the  ovary  may  form  a  stout  membrane  or 
shell  which  is  often  horny.  Then,  when  the  egg  is 
travelling  down  the  oviduct  towards  the  exterior,  the 
walls  of  the  oviduct  may  form  round  it  a  gelatinous  or 
albuminous  layer.  Lastly,  sometimes  from  special  glands 
in  the  lower  part  of  the  oviduct  or  in  the  uterus,  an 
external  shell  may  be  added.  Thus  the  egg  of  a  fowl  is 
surrounded  by  a  series  of  membranes  of  this  kind.  In 
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the  ovary  it  arises  as  a  small  cell  of  microscopic  size. 
Into  this  yolk  is  poured  from  the  follicle  cells,  and  round 
it  is  formed  a  delicate  cell-wall  by  its  own  protoplasm. 
This,  however,  disappears  after  a  very  short  time,  and 
when  the  egg  leaves  the  ovary  it  is  surrounded  by  a 
special  membrane  formed  by  secretion  from  the  follicle- 
cells,  and  known  as  the  vitelline  membrane.  When  it 
passes  into  the  upper  portion  of  the  oviduct,  secreting 
cells  pour  round  it  the  white-of-egg,  or  albuminous 
layer.  In  the  middle  region  of  the  oviduct  the  outer 
part  of  the  white-of-egg  becomes  hardened  into  the 
fibrous  shell-membranes,  and  finally  in  the  lowest  portion 
of  all  the  calcareous  shell  is  deposited  by  a  special  set  of 
cells.  Of  course,  in  different  animals  the  nature  and 
method  of  deposition  of  the  egg-membranes  are  different. 
Generally  the  entrance  of  the  spermatozoon  is  effected 
before  the  formation  of  membranes,  but  in  some  cases  a 
special  aperture,  the  micropyle,  is  left  in  order  to  allow 
the  entrance  of  the  male  cell.  In  such  a  case  there  is 
generally  present  only  an  inner,  or  vitelline  membrane. 

After  fertilisation  of  the  egg  has  been  effected,  cell- 
division,  or,  as  it  is  called  in  the  case  of  the  egg-cell, 
segmentation  occurs.  The  simple  nature  of  this  as  a 
case  of  cell-division  is  disguised  in  those  cases  where 
much  food-yolk  is  present.  In  such  the  nucleus  divides, 
but  the  division  does  not  extend  completely  through  the 
large  cell-body  bloated  as  it  is  with  inert  food-yolk. 
Thus,  in  the  case  of  the  dog-fish,  or  fowl,  the  division 
of  the  nucleus  is  followed  only  by  a  partial  division  of 
the  body  of  the  cell,  this  attempt  at  division  being  re- 
presented by  a  furrow  or  line  of  cleavage,  extending 
only  a  little  distance  into  the  surface  of  the  yolk  mass. 
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As  the  presence  of  yolk  complicates  the  method  in  which 
the  subsequent  stages  of  development  take  place,  we 
shall  describe  the  method  of  segmentation  and  develop- 
ment that  occurs  in  cases  where  there  is  only  a  very 
small  amount  of  yolk  present  in  the  egg.  As  all  the 
divisions  take  place  by  the  process  of  karyokinesis,  which 
has  already  been  described,  no  reference  will  be  made  to 
the  internal  occurrences  during  the  repeated  divisions  by 
which  the  form  of  the  animal  is  built  up. 

A   fertilised  egg-cell  that    contains   little  food-yolk 

divides  first  of  all  completely 
into  two  cells.  Then  each  of 
these  divide,  forming  four 
cells,  each  of  these  again 
forming  eight,  and  each  of  the 
eight  forming  sixteen.  The 
cells,  or  segmentation  spheres, 
as  they  are  called,  assume  a 
spherical  form  after  each 
division  and,  as  they  adhere 
closely  to  each  other,  the 
whole  embryo,  after  the  four- 
cell  stage,  is  a  round,  solid  mass  of  cells  with  only  the 
little  interspaces  between  the  cells  that  are  the  neces- 
sary result  of  the  rounded  form  of  the  individual 
cells.  Sometimes  there  is  more  of  the  food-yolk  present 
in  some  of  the  cells  than  in  the  others.  When  this 
occurs  it  begins  to  be  specially  noticeable  at  the  eight- 
cell  stage.  Four  of  these  may  be  larger  and  contain 
most  of  the  food  material,  the  other  four  being  smaller. 
The  smaller  cells  are  said  to  form  the  animal  pole,  and 
from  them  the  ectoderm  of  the  animal  is  formed,  while 


Fig.  67. — Four  Stages  in 
Cleavage  ;  resulting  in  the 
Morula. 
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the  larger,  food-containing  cells  He  at  what  is  called  the 
vegetative  pole,  and  give  rise  to  the  endoderm.  On  the 
other  hand,  no  difference  between  the  individual  cells 
may  be  visible  up  to  the  sixteen-cell  stage.  Moreover,  ex- 
periments show  that  there  may  be  in  some  cases,  at  any  rate, 
no  difference  between  the  characters  and  nature  of  the 
first  sixteen  cells.  It  has  been  found  possible,  by  shaking 
embryoes  of  the  two-,  four-,  eight-,  and  sixteen-cell  stages 
completely  to  separate  the  cells  from  each  other,  and  it 
has  resulted  that  each  of  the  separated  cells,  by  division 
on  its  own  account,  formed  an 
embryo  by  itself,  the  only  dif- 
ference being  that  these  em- 
bryoes were  proportionately 
smaller. 

The  sixteen-cell  stage  from  its 
appearance  is  called  the  morula 
or  mulberry  stage,  and  may  be 
compared  to  a  colonial  protozoon. 
Its  cells  multiply  rapidly  by  re- 
peated division,  and  give  rise  to 
a  single  layered  hollow  sphere,  the  blastosphere,  a  section 
through  which  is  represented  in  Fig.  68.  In  this  stage, 
whether  or  no  a  distinction  between  the  cells  at 
the  animal  pole  and  the  larger  cells  of  the  vegeta- 
tive pole  has  previously  appeared,  such  poles  become 
obvious.  The  blastosphere,  then,  is  a  hollow  sphere 
of  cells  arranged  in  a  layer,  one  cell  thick,  with 
larger  cells  towards  the  lower  or  vegetative  pole,  and 
smaller  cells  towards  the  animal  pole.  The  central 
cavity  is  termed  the  segmentation  cavity.  T  he  next 
stage  consists  in   the  assumption  of  the 


Fig.  68. — Section  through 
Blastosphere. 
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ccelenterate  or  two-layered  type.  This 
takes  place  by  the  larger  cells  moving  inwards  to  form 
the  inner  layer.  The  simplest  method  by  which  this 
occurs  in  the  embryoes  of  the  vertebrate  group  is  by  the 
invagination,  or  infolding  of  the  cells  of  the  vegetative 
pole  without  any  break  in  their  continuity,  as  when  a 
hollow  indiarubber  ball,  pricked  so  that  the  air  has 
escaped,  shows  a  dimple  that  may  be  pushed  in  by  the 
finger  until  the  ball  is  turned  into  a  two-layered  cup. 
The  embryo  has  now  reached  the  ccelenterate  type  and  is 
what  is  called  a  gastrula  (Fig.  69).    The  central  cavity 


inner  layer  corresponding  to  the  endoderm  of  hydra 
is  called  the  hypoblast.  These  two  are  the  primitive 
germinal  layers.  The  third  layer  which  was  spoken 
of  as  the  mesoderm,  and  which  is  characteristic  of  the 
coelomates,  is  termed  the  mesoblast,  and,  unlike  the 
epiblast  and  hypoblast,  is  not  a  primary  layer  arising 
directly  from  the  blastosphere.  It  is  derived  in  diflferent 
ways  from  the  two  primary  layers,  and  consists  of  sets 
of  cells  of  different  nature. 

The  subsequent  development  of  the  gastrula  into  the 
coelomate  type  becomes  more  and  more  complicated, 
and  one  has  to  notice  several  processes  separately  which 


Fig.  69. — Section  through 
Invaginate  Gastrula. 


is  the  enteron,  the  mouth  of  the 
gastrula  is  what  is  called  the 
blastopore.  The  layers,  in  the 
embryonic  condition,  are  given 
names  which  distinguish  them 
from  the  similar  layers  of  adult 
animals.  The  outer  layer  which 
corresponds  to  the  ectoderm  of 
hydra  is  called  the  epiblast.  The 
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are  going  on  simviltaneously  in  the  actual  development. 
Moreover,  the  general  assumption  of  the  coelomate  type 
is  accompanied  by  the  appearance  of  structures  which 
are  different  in  different  groups  of  the  coelomates.  It  is 
therefore  necessary  to  follow  one  of  the  types  of  ccelo- 
mate  structure.  That  chosen  here  is  the  vertebrate  or 
chordate  type. 

We  shall  have  to  deal  separately  with  the  great 
changes  that  take  place  in  the  embryo. 


First  of  all  the  gastrula  becomes  elongated  and  the 
blastopore  lies  at  the  posterior  end.  The  opening 
becomes  very  much  smaller  on  account  of  gradual 
growth  round  its  edges.  This  growth  is,  however,  not 
quite  regular,  but  is  more  rapid  at  the  sides  and  at 
the  edge  corresponding  to  the  future  ventral  surface 
of  the  animal.  Thus  it  happens  that  the  blastopore 
gets  pulled  out  into  a  long  slit-like  aperture,  which 
extends  a  small  distance  over  the  dorsal  surface  of  the 


Fig.  70. — .Surface  view  o( 
Embryo  with  Blastopore  (B) 
and  neural  fold  (NF)  sur- 
rounding it. 


Fig.  71. — Cross  Section 
through  stage  of  F"ig.  70.  E. 
Enteron  surrounded  by  hypo- 


blast cells.    NF.  Neural  fold. 
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embryo  and  terminates  at  the  posterior  end  of  the 
embryo. 

Meantime  a  longitudinal  furrow  or  groove  appears 
along  the  dorsal  surface  of  the  epiblast  from  the  anterior 
edge  of  the  blastopore  towards  the  anterior  end.  This 
groove  becomes  deeper  and  deeper,  and  finally  its  edges 
meet  over  the  open  groove  and  thus  transform  the 
groove  into  a  canal.  This  tube,  arising  from  the  epi- 
blast along  the  dorsal  line,  forms  the  dorsal  nervous 


Fig.  72. — Longitudinal  vertical  section  through  a  later  stage. 
B.  Blastopore  leading  into  dorsally  the  nerve-tube,  which  in  front  is 
expanded  into  the  three  primitive  vesicles  of  the  brain  ;  the  blastopore 
lower  down  leads  into  E,  the  enleron,  along  the  dorsal  wall  of  which 
an  expansion  is  forming  the  nolochord.  M.  Invagination  of  epiblast  to 
form  the  mouth  ;  A.  to  form  the  anus. 

system  of  vertebrates.  The  tube  sinks  doAvn  and  the 
epiblast  closes  over  it.  At  the  anterior  end  it  becomes 
enlarged  to  form  three  primary  vesicles  of  the  brain. 
Its  posterior  part  forms  the  spinal  cord,  and  the  cavity 
of  the  tube  becomes  the  cavity  of  the  brain  in  front 
and  the  central  canal  of  the  spinal  cord  behind.  The 
primary  vesicles  alter  as  described  on  page  213.  At 
first  this  canal  opens  into  the  blastopore  behind,  but 
the  lips  of  the  elongated  blastopore  close  over  and  meet 
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just  as  the  edges  of  the  nerve  furrow  grew  together  to 
form  a  tube.  In  this  way  the  spinal  canal  passes  round 
the  posterior  end  of  the  embryo  under  the  closed  lips 
of  the  blastopore  and  opens  into  the  enteron  or  primitive 
gut.  This  connection  is  called  the  neurenteric  canal, 
because  it  passes  from  the  neural  canal  to  the  enteron 
(Fig.  72).    Shortly  afterwards  a  small  pit  appears  in  the 


Fig.  73. — Transverse  section  through  stage  later  than  Fig.  72,  taken 
through  the  thalamencephalon.  B.  Cavity  of  the  ventricle  with  a 
dorsal  prolongation  forming  the  pineal,  and  lateral  prolongations  form- 
ing the  lateral  eyes.  Opposite  these  a  thickening  in  the  epiblast  is  the 
rudiment  of  the  lens.  E.  The  enteron  surrounded  by  hypoblast  cells, 
with  a  dorsal  fold — the  notochord,  and  lateral  folds — the  enterocoeles. 

epiblast  just  below  the  closed  edge  of  the  blastopore. 
This  epiblastic  pit  grows  deeper  until  it  breaks  through 
into  the  posterior  end  of  the  enteron.  This  new  open- 
ing forms  the  anus  of  the  animal,  and  when  it  appears 
it  destroys  the  neurenteric  canal,  and  thus  the  nervous 
tube  becomes  closed  at  the  posterior  end.  At  the 
anterior  end  of  the  body  of  the  embryo  on  the  ventral 
surface  an  epiblastic  pit  like  that  which  for.ned  the  anus 
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appears.  This  grows  deeper,  and  breaks  through  into 
the  anterior  bHnd  end  of  the  enteron  and  forms  the 
mouth  of  the  animal.  At  each  side  of  the  anterior  end 
of  the  body,  behind  the  mouth,  four  or  five  elongate 
epiblastic  pits  appear.  These  grow  in  towards  the  hypo- 
blastic  walls  of  the  enteron,  and  opposite  each  epiblastic 
pit  a  hollow  hypoblastic  bud  grows  out.  The  pits  from 
the  outside  grow  into  the  buds  which  come  from  the 
inside,  and  in  this  way  four  or  five  slit-like  apertures 
from  the  exterior  open  into  the  anterior  sides  of  the 
enteron.    These  form  the  gill-slits  (Fig.  74). 

While  these  important  changes  have  been  going  on  in 
the  epiblast  an  equally  important  set  of  changes  results 
in  the  formation  of  the  ccelome.  The  simplest  method 
of  this  among  the  vertebrates  consists  of  the  formation 
of  a  number  of  pairs  of  outgrowths  from  the  enteron. 
These  outgrowths  or  enterocceles  are  hollow  buds  from 
the  hypoblast  (Fig.  73),  which  arise  opposite  each  other 
all  along  the  length  of  the  gut  beginning  from  the 
anterior  end.  At  the  same  time  all  along  the  dorsal 
line  of  the  enteron  opposite  and  below  the  epiblastic 
nerve  tube  there  is  formed  a  fold  of  the  hypoblastic  wall 
of  the  gut.  The  lateral  buds  or  enterocoeles  and  the  dorsal 
fold  separate  from  the  gut  at  the  same  time.  The  walls  of 
the  dorsal  fold  separate  from  the  gut,  grow  together,  and 
transform  the  fold  into  a  long  solid  rod  of  cells  lying 
between  the  nerve-tube  and  the  gut.  This  rod  of  cells 
is  the  notochord  or  chorda  dorsalis,  and  is  the  predecessor 
of  the  vertebral  column.  The  edges  of  the  enterocceles 
meet  each  other,  and  the  cavities  thus  become  continuous 
along  the  sides  of  the  gut.  They  also  meet  round  the 
under  surface  of  the  gut.    Thus  there  is  formed  a  space. 
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the  coelome  o(  the  future  animal,  folded  round  the  gut  and 


Fu;.  74. — Horizontal  loiiLjitudinal  section  through  a  simple  Verte- 
Ijrate  Embryo  in  region  of  Entcron.  M.  Invagination  of  epiblast  to 
form  mouth.  G.  Invaginations  of  c|)iblast  to  form  gill-slits.  B.  Blasto- 
pore. E.  Enteron  lined  by  hypoblast.  The  wall  of  the  enteron  in 
front  has  lateral  diverticula  which  run  towards  the  epiblastic  gill  invagina- 
tions. EP.  ['aired  enterocceles,  ihe  cavities  of  which  fuse  to  form  the 
c(xlome,  and  the  walls  of  which  form  part  of  the  mesoblast.  MES. 
Mesenchyme  cells  migrating  inwards  from  round  walls  of  blastopore. 


continuous  under  it,  but  not  above  it,  as  the  notochord 
lies  between  the  edges  of  its  walls.    A  rough  model  of 
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the  arrangement  of  these  structures  will  make  their 
relations  clearer.  Suppose  we  represent  the  gut  by  a 
piece  of  drain-pipe.  A  solid  cylindrical  rod  of  wood  like 
the  piece  of  a  mast  may  be  fixed  along  the  top  of  this 
to  represent  the  notochord.  Next  let  us  take  a  flock 
mattress  of  the  same  length  as  the  drain-pipe  and  place 
the  drain-pipe  with  the  rod  of  wood  fixed  along  its  upper 
surface  on  the  middle  of  the  mattress  along  its  length. 
Then  let  the  free  parts  of  the  mattress  be  bent  round 
the  drain-pipe  until  the  two  edges  are  in  contact  with 
each  side  of  the  rod  of  wood.  The  flock  or  stuffing  of 
the  mattress  represents  the  hollow  of  the  coelome.  The 
ticking  of  which  the  mattress  is  made  represents  the 
cellular  walls  of  the  coelome.  The  upper  surface  of  this 
is  closely  applied  to  the  drain-pipe  or  gut  where  it  is 
in  contact  with  the  notochord  or  rod  of  wood.  The 
upper  surface  is  continuous  with  the  under,  which, 
however,  runs  right  round  the  pipe  separated  from  the 
outer  surface  by  the  stuffing  or  coelomic  cavity,  until  at 
the  other  side  of  the  notochord  it  again  meets  the  upper 
edge.  In  the  actual  embryo,  however,  the  outer  and  inner 
layers  are  fused  together  for  a  short  distance  on  each 
side  of  the  notochord.  These  fused  longitudinal  bands, 
lying  on  each  side  of  the  notochord,  very  early  exhibit 
signs  of  segmentation,  which  is  a  striking  character  in 
the  bodies  of  vertebrates.  They  break  up  into  a  row  of 
what  are  called  primitive  segments,  and  from  these  are 
formed  among  other  things  all  the  transversely  striped 
voluntary  muscles  of  the  body.  The  remaining  part  of 
the  wall  of  the  coelome  remains  in  the  adult  as  the 
lining  epithelium  of  the  body  cavity. 

These  structures  formed  from  the  walls  of  the  entero- 
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coelic  pouches  form  a  great  part  of  the  mesoblast  or 
middle  embryonic  layer  of  vertebrates.  But  with  it  there 
come  to  be  associated  structures  which  have  no  direct 
connection  with  the  enterocoele.  First  of  all  the  sexual 
cells,  those  which  give  rise  to  the  ovary  and  to  the 
testis,  in  some  cases  are  separated  from  the  developing 
ovumi  before  even  the  blastosphere  stage,  and  therefore 
before  the  epiblast  and  hypoblast  become  distinct.  In 
other  cases  they  do  not  become  visible  as  separate  cells 
till  later.  In  the  vertebrates  these  primitive  sexual  cells, 
at  whatever  time  they  be  actually  separated  from  the 
other  cells,  become  associated  with  the  mesoblast,  and 
appear  as  prominent  patches  of  cells  in  the  inner  wall 
of  the  body  cavity  high  up  near  the  place  where  the 
outer  and  inner  walls  of  the  body  cavity  fuse  together  to 
form  the  primitive  segments. 

Next  there  is  reason  to  believe  that  the  nephridia,  out 
of  which  the  kidneys  of  vertebrates  are  formed,  are  partly 
at  least  epiblastic  organs,  but  in  vertebrates  the  first 
appearance  of  these  as  structures  that  can  be  identified 
is  in  the  mesoblastic  wall  of  the  coelome  near  the  genital 
cells.  So  the  beginning  of  these  excretory  organs  is  part 
of  the  mass  of  cells  called  the  mesoblast. 

Lastly,  in  some  lower  groups  of  coelomates  a  set  of 
wandering  amoeboid  cells  liberate  themselves  from  both 
epiblast  and  hypoblast,  and  pass  between  the  coelome 
and  the  epiblast  and  hypoblast.  These  cells  give  rise  to 
the  blood  corpuscles,  to  coelomic  corpuscles  where,  as  in 
the  earthworm,  such  exist,  to  the  blood-vessels,  and  to 
the  connective  tissue  and  skeletal  structures.  In  verte- 
brates these  wandering  cells,  which  have  been  called  the 
meaenchyme,  appear  to  be  derived  chiefly  but  not  entirely 
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from  the  inner  layer  of  hypoblast,  but  they  are  detached 
chiefly  from  the  walls  of  the  blastopore.  But  they  are 
distinguished  by  the  fact  that  they  come  off  not  as  layers 
or  pouches  of  cells,  but  as  separate  migratory  cells  which 
are  budded  off  in  definite  places. 

It  is  clear,  then,  that  the  mesoblast 
or  middle  layer  of  vertebrates  is  not  a 
simple  structure  like  the  hypoblast  and 
epiblast,  but  is  a  condensation  of  a  great 
many  separate  elements. 

It  will  be  convenient  to  put  together  in  a  tabular  way 
the  primitive  organs  of  the  embryo  and  the  structures  to 
which  these  give  rise. 
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Abdominal  cavity  of  Dog-fish, 

192  ;  of  Frog,  246 
Abdominal  pore  of  Earthworm, 

193 

Acanthias  vulgaris,  175 

Acetabulum  of  Frog,  241 

Adaptation  to  environment,  265 

Aerobic  Bacteria,  70 

Afferent  branchial  vessels  of  Dog- 
fish, 203 

Alcoholic  fermentation,  62 

Alimentary  canal  of  Dog-fish,  194  ; 
of  Earthworm,  146  ;  figure,  144; 
of  Frog,  247 

Allolohophora,  an  English  genus 
of  Earthworm,  138  ;  figure, 
141 

Aniccba,  figure  of,  75  ;  description 

of,  76  ;  nutrition,  81 
Amceboid  movements,  6 
Amphibia,  229 

Amphioxus,  a  vertebrate  prede- 
cessor, 170 

Ampulla  of  semicircular  canal,  227 

Anaerobic  Bacteria,  70 

Animal  pole  of  egg,  276 

Annular  vessels,  52 

Anus,  development  of,  281 

Aortic  arches  of  Dog-fish,  203  ; 
figure,  204  ;  of  Frog,  255  ;  oi 
Tadpole,  249 


Aqueductus  vestibuli,  aperture  of, 

in  Dog-fish,  186 
Argentea  of  eye  of  Dog-fish,  226 
Arterial  system  of  Dog-fish,  203  ; 

figure,  204  ;  of  P'rog,  255 
Arthrospores  of  Bacteria,  69 
Artificial   foams   compared  with 

protoplasm,  1 1 
Articular  bone  of  lower  jaw  ot 

Frog,  238 
Arytenoid  cartilages  of  Frog,  232 
Ascidians  as  vertebrate  predeces- 
sors, 170 
Aslragulus  of  Frog,  244 
Atlas  vertebra  of  Frog,  233 
Auricle  of  Dog-fish,  198  ;  auricles 
of  Frog,  250 

Bacilli,  67 
Bacteria,  66 

Balanoglossiis  as  vertebrate  pre- 
decessor, 170 
Basi-branchials  of  Dog-fish,  190 
Basi-hyal  of  Dog-fish,  189 
Bast,  45  ;  hard  bast,  48;  function 
of  vessels, '46  ;  bast-cells  figure, 
48 

Biconcave  vertebra;  in  Dog-fish, 
183 

Bile-duct,  of  Dog-fish,  195;  of 

iMOg,  248 
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Binomial  nomenclature,  78 

Bladder  of  Frog,  247,  258 

Blastosphere,  277 

Blastopore,  278  ;  figure,  279 

Blastula  of  ^j^/rrt,  127 

Blood   and  blood-corpuscles,  of 

Earthworm,  148  ;  of  Dog-fish, 

197  ;  of  Frog,  256 
Blood-vessels,    of  Earthworm, 

154  ;    of  Dog-fish,   201  ;  of 

Frog,  figure,  254 
Bordered  pits,  51 
Botrydhtm,  33  ;  figure,  34 
Brachial  nerve  of  Frog,  260 
Brain,  of  Dog-fish,  217  ;  of  Frog, 

259 

Branchial  vessels  of  Tadpole,  249 
Branchial  arches  of  Dog-fish,  189 
Brownian  movements,  65 
Budding  in  Hydra,  1 1 7 
Buccal  cavity,  of  Earthworm,  146; 
of  Frog,  231 

Calcaneum  of  Frog,  244 
Calciferous  glands  and  pouches  of 

Earthworm,  146 
Cambium,  50 

Cardiac  plexus  of  Frog,  260 
Carotid  gland  of  Frog,  255 
Carpals,  242,  243  ;  of  Frog,  243 
Cartilage  and  cartilage  bones  of 

Frog's  skull,  238 
Cartilaginous  skull  of  Tadpole, 

234 

Caudal  vertebra  of  Dog-fish,  dia- 
gram, 182 

Cavities  of  brain  of  Dog-fish,  219 

Cells,  as  the  units  of  structure,  2  ; 
as  physiological  units,  13 

Cell-division,  105  ;  in  Spirogyra, 
29 

Cell-plate,  106 

Cell-structure,  102 

Cellulose,  test  for,  19 

Centrosome,  104 ;  of  sperma- 
tozoa, 269 ;  in  impregnation, 
272 

Centrum  of  vertebra,  182 


Cephalisation,  172 

Ceratobranchials  of  Dog-fish,  190 

Cerato-hyal  of  Dog-fish,  189 

Cerebellum,  of  Dog-fish,  217  ;  of 
Frog,  259 

Chemical  composition  of  proto- 
plasm, 3 

Chiasma  of  Frog,  259 

Chitin,  141 

Chloragogen  cells  of  Earthworm, 
144,  148 

Chlorophyll,  physical  characters, 
15;  chemical  function  of,  15; 
means  of  storing  up  energ}', 
16  ;  Parenchyma,  56  ;  corpus- 
cles, 57 

Chlor-zinc-iodine,  composition  of, 

n.  48  ;  use  of,  48 
Choroid  of  eye  of  Dog-fish,  225 
Chromatin,  27,  103  ;  as  bearer  of 

hereditary  characters,  273 
Chromalophores  of  Pleurococcus, 

18;    of   Protococciis,    20;  of 

Spirogyra,  24 
Chromosomes,  104 ;  in  spermato- 
genesis,  268 ;   in  ovogenesis, 

270,  271 
Choroid  plexus  of  Frog,  259 
Cilia,  relation  of,  to  pseudopodia 

87,  88 
Ciliary  motion,  93 
Cihated  Protozoa,  87 
Circulation  of  blood,  in  Tadpole, 

248  ;  in  Frog,  figure,  254 
Cladotlwix,  57 
Claspers  of  Dog-fish,  192 
Classes  of  Vertebrates  and  Inver  - 

tebrates,  170 
Clitellum,  140 

Coagulation  of  protoplasm,  4 
Coelenterata,  general  characters, 
130  ;  specialisation  of  ectoderm 
and  endoderm,  131 ;  thickening 
of  the  mesogloea  and  transition 
to  coelomata,  133 ;  definition, 
136 

Coelomata,  origin  from  Cnelente- 
rata,  132  ;  arrangement  of  ner- 
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vous  system,  hgiire,  133  ;  de- 
scription, 134  ;  definition  of  tlie 
group,  136 

Ccelome,  133,  134  ;  development 
of,  282;  of  Earthworm,  147; 
of  Dog-fish,  193  ;  of  Frog,  246 

Cwlomic  corpuscles  of  Earthworm, 
148 

Collenchymatous  cells,  55 
Columella  of  Frog,  239,  240,  254 
Condensation    of  segmentation, 
172 

Conjugation,  results  to  the  com- 
bining cells,  30 ;  comparison 
with  sexual  reproduction,  31 

Condyles  of  skull,  of  Dog-fish, 
1S5  :  of  Frog,  238 

Continuity  of  protoplasm  through 
plant  cells,  35 

Co-ordination  of  the  cells  in 
Hydra,  124 

Contractile  vacuole,  in  Acinetan, 
9  ;  definition  of,  10,  75,  92, 
100 

Conus  arteriosus  of  Dog-fish,  198 
Coracoid,  of  Dog-fish,   191  ;  of 

Frog,  241 
Cork,  43  ;  figure,  44 ;  meristem 

of,  38 

Cornea  of  Dog-fish,  225 
Cornua  of  hyoid  of  Frog,  240 
Cranial  nerves  of  Dog-fish,  rela- 
tions  between    Dog-fish  and 
Man,  220  ;   list  of,  of  Frog, 
260 ;  with  origin  and  distribu- 
tion, 220  ;  relation  to  segmental 
nerves,  222 
Cranium   of  Frog,  cartilaginous 

_  origin,  234 
Cro[)  of  Earthworm,  146 
Crura  cerebri  of  Frog,  250 
Cuticle  of  plants,  40 

Dkath  in  I'rotozon,  85 

Dentary  bone  of  lower  jaw  of 
Frog,  238 

Development  of  brain  in  verte- 
brate emijryo,  213 


Diploblastica  :  alternative  name 
of  the  Crelenterata  on  account 
of  the  body  being  two-layered, 
130 

Directive  spheres,  104 
Diseases  caused  by  Bacteria,  72 
Dissection,  of  Dog-fish,  general 

directions,  192;  of  Frog,  246 
Division  of  labour  in  plants,  34 
Dog-fish,  species  and  genera,  175 
Dorsal  aorta   of  Dog-fish,  205  ; 

branches  of,  205,  206 
Ductus  Botalli  of  Frog,  255 
Duodenum  of  Frog,  248 

Ear,  primitive,  226  ;  of  Dog- 
fish, 227  ;  of  Frog,  261 

Earthworm,  food  and  general 
characters,  136  ;  genera  and 
species,  138  ;  characters  of  the 
Coelomate  group  that  contains 
it,  172 ;  external  characters, 
139  ;   prostomium,  140 

Ectoderm  of  Hydj-a,  120 

Efferent  branchial  vessels  of  Dog- 
fish, 205 

Eggs,   of  Earthworm,    149  ;  of 

Dog-fish,  176,  210 
Egg-shells  and  egg-membranes, 
"274 

Elasmobranchs,  175 

Embedding,  method  for  micro- 
scopical sections,  159 

Embryology,  265 

Embryological  development,  de- 
finition of,  266 

Embryology  of  Vorlicdla,  266  ; 
of  Hydra,  126 

Encyslment  in  Vorlicclla,  94 

Endodcrm  Qi  Hydra,  122 

Enterocoulcs,  282  ;  figure  of, 
281,  283 

Enteron,  278,  280,  28 1,  283 

Enteron  o[  Hydra,  115 

Epiblast,  278 

Epibranchial  arteries  of  Dog-fish, 
205 

Epibranchial  bars  of  Dog-fish,  190 
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Epidermis  of  plants,  definition, 
38  ;  description  and  figures, 
40-43 

Epicoracoid  of  Frog,  241 
Episternvmi  of  Frog,  241 
Eustachian  tubes  of  Frog,  231 
Excretion,    8  ;     by  contractile 

vacuole,  10 
Extra-branchials  of  Dog-fish,  190; 

figure,  184 
Eyes  of  Dog-fish,  225  ;  of  Frog, 

263 ;    development  of,  figure, 

28 1 

Eye-muscles  of  Dog-fish,  225 

Fat-bodies  of  Frog,  247 
Female  sexual  and  renal  organs,  of 

Dog-fish,  209  ;  of  Frog,  257 
Femur,  242  ;  of  Frog,  244 
Fenestra  ovalis  of  Frog,  239 
Ferments,  63 

Fermentation  caused  by  YeasI, 
62  ;  by  Microbes,  71 

Fertilisation,  the  union  of  the 
nucleus  of  a  male  cell  with  the 
nucleus  of  a  female  cell,  271, 
272;  Hydra,  119;  in  earth- 
worm, 167 

Fibula,  242 

Fibulare,  243 

Fibro-vascular  tissues  of  plants, 
definition,  38  ;  description  and 
figures,  43  ;  diagram  of  their 
course,  45  ;  transverse  section, 
46,  47 

Fins  of  Dog-fish,  skeleton,  igo 
Flagella  of  the  motile  phases  of 

Protococats,  21 
Follicle  cells,  274 
Fontanelles  in  skull  of  Dog-fish, 

185 

Food-supply  of  land  and  sea,  14 
Food  vacuoles,  78  ;  of  Vorticella, 
92 

Food-yolk,  274;  of  egg  of  Earth- 
worm, 149 

Foramina  of  nerves  in  Dog-fish, 
187  ;  figure,  184 


Frogs  of  England,  229 
Fungi,  mode  of  life  of,  58 
Fundamental  tissue  of  plants,  53 

Gall-bladder  of  Dog-fish,  195 
Gastrula,  278 

Gelatine  method  of  separating 
Bacteria,  55 

Genus,  and  generic  names,  78 

Germinal  epithelium  of  Earth- 
worm, 152 

Germinal  spot,  104 

Giant  fibres  in  nerve-cord  of 
Earthworm,  163 

Gill-rays  of  Dog-fish,  189 

Gill-slits  in  vertebrates,  169  ; 
development  of,  282 ;  figure, 
283  ;  of  Dog-fish,  196  ;  of 
Tadpole,  249 

Gizzard  of  Earthworm,  146 

Glottis  of  Frog,  231 

Green  vegetation  on  land  and 
sea,  14,  15 

Gregarines  in  Earthworm,  153 

Growth  and  reproduction,  8 

Guard-cells  of  Stomata,  41 

FLiiMATOCHROME,  the  red  modi- 
fication of  Chlorophyll,  20 

Hajmal  arches  of  vertebra;,  1 82 

Ilsemoglobin  in  blood  of  Earth- 
worm, 148  ;  of  Dog-fish,  198  ; 
of  Frog,  256 

Hairs  of  plants,  42 

Head-kidney  of  Tadpole,  256 

Heart  of  Earthworm,  144  ;  of 
Dog-fish,  196  ;  figures,  199  ;  of 
Tadpole,  249  ;  of  Frog,  figure, 
248  ;  mechanism  of  blood 
stream,  252 

Hepatic  portal  system,  of  Dog- 
fish, 203  ;  of  Frog,  253 

Hereditary  characters  borne  hy 
Chromatin,  273 

Hermaphroditism  in  Earthworm, 
1 66 

Heterocercal  tail,  177 
Humerus,  242  ;  of  Frog,  243 


INDEX 


293 


Hydra,  112  ;  species  of,  113;  des- 
cription and  habits,  113;  longi- 
tudinal section,  120  ;  transverse 
section,  121  ;  physiology,  123; 
reproduction,  127 

Hyomandibular  cartilage  of  Dog- 
fish, 189 

Hyoid  arch,  of  Dog-fish,  189;  of 

Frog,  234,  239  ;  figure,  233 
Hypoblast,  278 

Hypobranchials  of  Dog-fish,  190 

Ilium  of  Frog,  241 
Immunity  produced  by  inocula- 
tion, 73 

Infundibulum,  in  Vertebrates,  214; 

of  Dog-fish,  218;  of  Frog,  259 
Ingestion  of  food  particles,  80 
Integument  of  Earthworm,  160  ; 

figure,  161 
Intermedium,  243 
Intervertebral  discs,  183 
Intestine,  of  Earthworm,  147 ;  of 

Dog-fish,  194  ;  of  Frog,  247 
Invagination,  278 
Invertebrate  nervous  system,  135  ; 

figure,  134 
Invertebrate  groups,  168 
Irritability  of  protoplasm,  7 
Ischio-pubis  of  Dog-fish,  191 
Ischium  of  Frog,  242 

Karyokinesis,  or  indirect  cell- 
division,  105  ;  diagram,  108 
Kidneys  of  Frog,  257 

Lateral  line  of  Dog-fish,  177; 
of  Tadpole,  261 

Lens  of  Dog-fish,  226 

Leptolhrix,  67 

Leucoplaslids,  57 

Liver  of  Dog-fish,  194 

Ltinibrictis  a  genus  of  Earth- 
worm, 138;  figure,  141 

Lymph  spaces  ol  Frog,  246 

MACROCOCcr,  67 
Maxillx  of  P  rog,  235 


Male    sexual    and  reproductive 

organs,  of  Dog-fish,   211  ;  of 

Frog,  258 
Malpighian  corpuscles  of  kidney 

of  Dog-fish,  211 
Mandibular  arch  of  Dog-fish,  188 
Meckel's  cartilage  of  Frog,  239 
Medulla  oblongata,  origin  of,  215  ; 

of  Dog-fish,  217  ;  of  Frog,  259 
Membrane  bones  of  Frog,  235 
Mento-meckelian  bone  of  Frog, 

239 

Meristem  cells,  37 
Mesencephalon  of  Frog,  259 
Mesenchyme,  134;  development 

of,  285  ;  figure,  283 
Mesentery  of  Dog-fish,  193 ;  of 

Frog,  246 
Mesoblast,  134,  136;  of  Verte- 
brates, 285 
Mesogloea,  the  middle  lamella  of 

Coelenterates,  in  Hydra,  121 
Mesonephros  of  Vertebrates,  209  ; 

of  adult  Dog-fish,  210,  212  ;  of 

Tadpole,  256 
Metabolism  of  protoplasm,  16,  22 
Metacarpals,  243  ;  of  Frog,  244 
Metameric  segmentation,  139 
Metamorphosis  of  Tadpole,  249 
Metanephros  of  adult  Dog-fish, 

210,  212 
Metanephric  duct,  209 
Metatarsals,  243 

Metazoa,  definition  of  the  group, 
128;  familiar  forms,  129;  di- 
vision into  Ccelenterates  and 
Coelomates,  129,  136 

Methods  for  microscopical  pre- 
parations, fixing  corpuscles  of 
Earthworm  by  osmic  acid, 
148  ;  preparation  of  sections  of 
Earthworm,  158 ;  embedding 
in  paraffin,  159 

Microbes,  65 

Alicrococci,  57 

Micropyle,  275 

Mitosis,  or  indirect  cell-division, 
105 
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Monocystis,  a  parasite  of  Earth- 
worm, 153 

Movement  of  protoplasm  in  hairs 
of  Tradescantia,  4  ;  white  blood 
corpuscles,  amceboid,  6 

Mucous  canals  of  Dog-fish,  224 

Muscles  of  the  eye-ball  in  Dog- 
fish, 225 

Muscular  layers   of  Earthworm, 

162  ;  figure,  161 
Aliistelus  vulgaris,  175 

Nasal  bones  of  Frog,  235 

Nasal  organs  of  Dog-fish,  224  ;  of 
Frog,  263 

Nematocysts,  1 15;  figure,  116 

Nephridia,  of  Earthworm,  156  ;  of 
Tadpole,  256  ;  origin  in  de- 
velopment of  Vertebrates,  285 

Nerve  cord  of  Earthworm,  163  ; 
figure,  161 

Nervous  system  of  Earthworm, 
154  ;  figures,  144,  150  ;  of  Dog- 
fish, 213  ;  of  Frog,  259 ;  of 
Vertebrates  and  Invertebrates 
compared,  135 ;  development 
in  Vertebrates,  280 

Nerve  foramina  of  Dog-fish,  figure, 
184 

Nettle,  stinging  hairs  of,  43 
Neural  arches  of  Vertebrte,  182 
Neural  folds,  279 
Neurenteric  canal,  281 
Nostrils  of  Frog,  230 
Notoehord,    it    constriction  by 

sheath  to  form  vertebra;,  181  ; 

development    of,   figure,  281, 

282 ;   relation   to  coelome  in 

embryo,  284 
Nucleolus,  27 

Nucleus,  structure  of,  103  ;  as  the 
bearer  of  specific  character,  274 

Occipital  condyles  of  Dog-fish, 

185  ;  of  Frog,  238 
Omosternum  of  Frog,  241 
Olfactory  lobes  of  Dog-fish,  216; 

of  Frog,  259 


Optic  chiasma,  of  Dog-fish,  218; 

of  Frog,  259 
Optic  lobes,  of  Dog-fish,  216;  of 

Frog,  259 
Orbito-nasal  foramen  in  Dog-fish, 

186 

Organisation  within  cells,  89 

Ovary  of  Hydra,  118;  of  Earth- 
worm, 149;  figure,  150;  of 
Dog-fish,  209  ;  of  Frog,  257 

Oviducts,  of  Earthworm,  151  ;  of 
Dog-fish,  209  ;  figure,  208  ;  of 
Frog,  257 

Ovogenesis,  270 

Ovum  of  Hydra,  119 

Palatines  of  Frog,  237 

Pancreas  and  pancreatic  duct  of 
Dog-fish,  195  ;  of  Frog,  248 

Parasitism,  126 

Parasphenoid  bone  of  Frog,  237 
Parenchyma,  or  ground  tissue  of 

plants,  definition,  38 
Parenchymatous  cells,  53 
Parietal  eye  in  Vertebrates,  214 
Pasteur's  fluid,  63 
Pectoral  girdle  of  Dog-fish,  190 
Pelvic  girdle  of  Dog-fish,  191  ;  of 

Frog,  241  ;  figure,  24S 
Pericardio-coelomic  canal  of  Dog- 
fish, 198 

Pericardium  of  Dog-fish,  193  ;  of 

Frog,  246 
Peripheral     nervous    system  of 

Frog,  260 
Peristome  of  Vorlicella,  91 
Peritoneum  of  Dog-fish,  193  ;  of 

Frog,  247 
Peritoneal  poresof  Earthworm,  142 
Phalanges,  243 

Pharyngobranchials  of  Dog-fish, 
190 

Phloem,  see  Bast 
Physiology  of  Earthworm,  165 
Physiological  processes  in  Aviaba, 
82 

Pineal  body,  origin  in  Vertebrates, 
214  ;  of  Dog-fish,  216  ;  Frog, 
259 


INDEX 


295 


Pituitary   body,  in  Vertebrates, 
215  ;  of  Dog-fish,  218  ;  of  P  rog,  ' 
259 

Plants  and  animals,  differences 
between,  95 

Plant  tissues,  38 

Fleitrococcus,  17 

Polar  bodies,  271 ;  figure,  270 

Portal  systems,  of  Dog-fish,  202  ; 
of  Frog,  253 

Posterior  nares  of  Frog,  231 

Precoracoid  of  Frog,  241 

Premaxillary  bones  of  Frog,  235 

Prespiracular  ligament  in  Dog- 
fish, 188  ;  figure,  184 

Primary  vesicles  of  brain  and  de- 
rivatives, 213 

Primitive  kidney  of  Vertebrates, 
206 

Primitive  segments,  284 
Primordial  utricle,  27 
Proccelous  vertebras,  202  ;  Frog, 
232 

Pronephros  of  Vertebrates,  209 ; 

of  Tadpole,  256 
Prootic  bones  of  Frog,  238 
Prosencephalon,  origin  in  Verte- 
brates, 214;  of  Dog-fish,  216; 
of  Frog,  259 
Prosenchymatous  cells,  55 
Prostomium  of  Earthworm,  140 ; 

figure,  144 
Protococctis,  synonyms,  17  ;  figure, 
18 

Protoplasm,  the  living  substance 
of  animals  and  plants,  2  ;  com- 
position of,  3  ;  definition  of, 
10 ;  relation  to  Biitschli's  arti- 
ficial foams,  II;  metabolism 
of,  16  ;  source  of  energy  of, 
16;  movement  of,  6;  irrita- 
bility of,  7 ;  growth  of,  8 ; 
excretion,  8  ;  continuity  of  in 
plant  cells,  36 

Protozoa,  habitat  of,  74 ;  defini- 
tion of  the  group,  128 

Pseudobranch,  the  rudimentary 
gill  of  spiracle,  in  Dog-fish,  196 


Pseudopodia  of  white  blood  cor- 
puscles, 6  ;  of  amoeba,  77 
Pterygoids  of  Frog,  237 
Pubes  of  Frog,  242 
Putrefaction  caused  by  Bacteria, 

Pylangium  of  Frog's  heart,  251 

Pylorus  of  Frog,  247 

Pyrenoids,  small  masses  of  proteid 
material  invested  by  starch,  in 
Protococctis,  20 ;  in  Spirogyra, 
25 

QuADRATO-jUGAL  bones  of  Frog, 
235 

Radialk,  243 

Radius,  242  ;  of  Frog,  243 

Nana,  species  of  in  England,  229 

Rectal  gland  of  Dog-fish,  195 

Rectum  of  Frog,  248 

Reducing  division,  110;  in  de- 
velopment of  spermatozoa,  268 

Renal  and  reproductive  systems 
of  Dog-fish,  206  ;  figures,  208  ; 
Frog,  256 

Renal  portal  system  of  Dog-fish, 
203  ;  of  Frog,  253 

Reproduction  essentially  a  vital 
property,  83,  84 

Respiration,  in  Earthworm,  166; 
of  Dog-fish,  196;  in  Tadpole 
and  Frog,  248 

Restiform  body  of  brain  of  Dog- 
fish, 218  ;  retina  of  Dog-fish, 
226 

Rib,  182  ;  of  Frog,  233 

Saccharomyccs     cerevisiic,  the 

yeast-plant,  60 
Sacral  rib  of  Frog,  241 
Sacral  vertebra  of  Frog,  233 
Scalariform  vessels,  51 
Scales  and  teeth  of  Dog-fish,  179 
Scapula  of  Dog-fish,  191  ;  Frog, 

240 

Sciatic  plexus  of  Frog,  260 
Sclerenchymatous  cells,  55 
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Sclerotic  coat  of  eyeball,  225 
Scyllhiiii  caniciila  and  S.  Catullus^ 

Second  primary  vesicle  of  brain 
and  its  derivatives,  215 

Segmentation,  139;  in  the  coelo- 
mate  groups,  171  ;  of  egg,  275  ; 
figure,  276  ;  cavity,  277 

Segmental  duct,  207 ;  of  Tad- 
pole, 256 

Semicircular  canals  of  ear  of  Dog- 
fish, 227 

Sense-organs  of  Dog-fish,  224; 
of  Frog,  263 

Setae  of  Earthworm,  141 

Sexual  cells,  268  ;  origin  of  in 
development,  285 

Sieve-tubes,  49  ;  figure,  50 

Sinuses  of  venous  system  in  Dog- 
fish, 201 

Sinus  venosus,  of  Dog-fish,  198  ; 

of  Frog,  251 
Skeleton  of  vertebrates,  general 

features,  179,  180 
Skull  of  Dog-fish,  184;  of  Frog, 

cartilaginous      origin,      234 ; 

figure  of  ventral  surface,  236 ; 

of  dorsal  surface,  237 
Species  and  specific  names,  79  5 

characters  of  species,  79 
SpermathecEe  of  Earthworm,  154; 

figure,  1 50 
Sperm-mother-cell,  268 
Sperm-sac  of  Dog-fish,  212 
Spermatoblasts,  269 
Spermatophores  and  spermatozoa 

of  Earthworm,  152 
Spermatogenesis,    the    mode  of 

origin  of  the  male  sexual  cells, 

general  account  of,  268  ;  figure, 

269  ;  in  Earthworm,  153 
Spermatozoa    of    I/ydra,    1 18  ; 

figures,  269 
Splutrophrya,  division   of,  with 

change   from   pseudopodia  to 

cilia,  8 

Sphenethmoid  bone  of  Frog, 
238 


Spinal  nerves,  of  Dog-fish,  222  ; 

of  Frog,  260 
Spindle  in  cell-division,  106 
Spiral  valve  of  Dog-fish,  194 
Spiral  vessels,  52 
Spmlliim,  68 
SpirocJhcte,  68 

Spirog^'ra,  description,  23  ;  figure, 
24  ;  staining  and  mounting,  26  ; 
conjugation,  29 

Spiroiiwnas,  67 

Spleen,  of  Dog-fish,  195  ;  of  Frog, 
248 

Spore  formation,  in  Yeast,  61  ;  in 
Bacteria,  69  ;  in  Vorticella,  95 
Spreading  of  Bacteria,  69 
Squamosal  bones  of  Frog,  235 
Staining  protoplasm,  rationale  and 

method,  25 
Starch  granules  of  potato,  figure, 
53 

Sternum  of  Frog,  241 
Stomata,  41 
Streptococci,  67 

Supra  -  oesophageal    ganglia  of 

Earthworm,  154 
Suspensorium,  in  Dog-fish,  189 ; 

of  Frog,  239 
Symbiosis,  126 

Sympathetic   nervous  system  of 

Frog,  260 
Synangium  of  Frog's  heart,  25 1 

Table  of  origin  of  organs  and 

tissues,  287 
Tapetum  of  eye  of  Dog-fish,  226 
Tarsals,  242 

Taste  bodies  of  Frog,  263 

Teeth  of  Frog,  231 

Temporal  patch  of  Rana  Teinpo- 

raria,  230 
Testis,  268 

Testes,  of  Hydra,  117  ;  of  Earth- 
worm, 151  ;  of  Dog-fish,  211  ; 
of  Frog,  258 

Thalamencephalon,  origin  in  Ver- 
tebrates, 214;  of  Dog-fish,  216; 
of  Frog,  259 
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Third  primary  vesicle  of  brain  and 
its  derivatives,  215 

Tibia,  242  ;  of  Frog,  244 

Tibiale,  243 

Tongue  of  Frog,  23 1 

TradescaiUia,  movement  of  proto- 
plasm in  the  staminal  filaments, 
4,  5 

Transverse  process  of  vertebra,  182 
Triploblastica,  name  given  to  Cce- 

lomata,  134 
Truncus  arteriosus  of  Frog,  251 
Tympanic  membrane  of  Frog,  230, 

264 

Typhlosole  of  Earthworm,  147  ; 

figure,  161 
Types  of  animal  structure,  265 

Ulna,  242;  of  Frog,  243 
Ulnare,  243 

Ureter,  of  Dog-fish,  209  ;  of  male 

Frog,  258 
Urinary  sinuses  of  Dog-fish,  2H 
Urino-genital  papilla  of  Dog-fish, 

212 

Urino-genital  system  of  Frog,  256 
Urostyle  of  Frog,  232 

Valves,  of  heart  of  Dog-fish,  199  ; 
of  Frog's  heart,  251,  252 

Variation  resulting  from  conjuga- 
tion. 31 

Vasa  efferentia  and  deferentia,  of 
Earthworm,  151  ;  of  Dog-fish, 
211 

Vegetative  pole  of  egg,  277 
Venous  system,  of  Dog-fish,  199  ; 

figure,    200 ;    of  Frog,    252 ; 

figure,  254 
Ventricles  of  brain  of  Dog-fish,  219 
Ventricle  of  heart,  of  Dog-fish, 

198  ;  of  Frog,  251 
Vertebrte  general  characters,  182  ; 


of  Dog-fish,  180,  183;  figure, 

184;  of  Frog,  232 
Vertebrates  and  Invertebrates,  169 
Vertebrate  characters,  169,  173  ; 

limb  diagram,  242  ;  description, 

242  ;  nervous  system  compared 

wiih  invertebrate,  136 
Vesticles  of  developing  vertebrate 

brain,  213 
Vesiculre  seminales  of  Earthworm, 

152;  figure,  150;  of  Dog-fish, 

212  ;  of  Frog,  258 
Vestibule  of  ear  of  Dog-fish,  227 
Vibrio,  67 

Visceral  arches  of  Dog-fish,  188 

Vital  and  mechanical  action  in 
physiological  processes,  82 

Vit  eline  membrane,  275  ;  of 
Earthworm,  149 

Vomerine  teeth  of  Frog,  231 

Vomers  of  Frog,  237 

F<7;-//Vc//rt,  description,  89  ;  figure, 
90  ;  diagram,  92  ;  reproduc- 
tion, 93 

Waxy  secretions  of  epidermis  of 

plants,  41  ;  figure,  40 
White  blood  corpuscles  of  Frog, 

figure,  5  ;  amoiboid  movements 

of,  6 

Wolffian   duct    or  mesonephric 

duct,  209 
Wood,  45 ;  function  of  vessels, 

46  ;    wood-cells,    figure,   48 ; 

vessels,  50  ;  fibres,  53 

Xii'illSTERNUM  of  Frog,  241 

Yeas  T-PLANT,  description  of,  60  ; 
figure,  5 

Zygote  or  zygospore,  30 


BETjc  ©rroTjam  Press, 

UNWIN  DROTHERS, 
CHILWORTII  AND  LONDON. 


A  LIST  OF  NEW  BOOKS 
AND  ANNOUNCEMENTS  OF 
METHUEN    AND  COMPANY 
PUBLISHERS  :  LONDON 
36  ESSEX  STREET 
W.C. 

CONTENTS 

PAGE 


FORTHCOMING  BOOKS,  .....  2 

POETRY,               ......  13 

GENERAL  LITERATURE,             ....  IS 

THEOLOGY,          ......  I7 

LEADERS  OF  RELIGION,              .             .             .             .  18 

WORKS  BY  S.  BARING  GOULD,    .             .             .             .  19 

FICTION,              ......  21 

NOVEL  SERIES,  ......  24 

BOOKS  FOR  BOYS  AND  GIRLS,    ....  25 

THE  PEACOCK  LIBRARY,  .  .  .  .26 

UNIVERSITY  EXTENSION  SERIES,         ...  26 

SOCIAL  QUESTIONS  OF  TO-DAY,              ...  28 

CLASSICAL  TRANSLATIONS,      ....  29 

COMMERCIAL  SERIES,     .             ....  29 

WORKS  BY  A.  M.  M.  STED.MAN,  M.A.,  ...  3" 
SCHOOL  EXAMINATION  SERIES,             .             .  '32 

PRIMARY  CLASSICS,       .            .                        .            .  3* 


OCTOBER  1894 


October  1894. 


Messrs.  Methuen's 

ANNOUNCEMENTS 


Poetry 

Rudyard   Kipling.     BALLADS.     By  Rudyard  Kipling. 

Crown  8w.    Buckram.    6s.  [May  1895- 

The  announcement  of  a  new  volume  of  poetry  from  Mr.  Kipling  will  excite  wide 
interest.  The  exceptional  success  of  '  Barrack-Room  Ballads,'  with  which  this 
volume  will  be  uniform,  justifies  the  hope  that  the  new  book  too  will  obtain  a 
wide  popularity. 

Henley.  ENGLISH  LYRICS.  Selected  and  Edited  by 
W.  E.  Henley.    Crown  8vo.    Buckram.  6s. 

Also  30  copies  on  hand-made  paper  Demy  %vo.  £1,  is. 
Also  15  copies  on  Japanese  paper.  Demy  8vo.  £2,  2s. 
Few  announcements  will  be  more  welcome  to  lovers  of  English  verse  than  the  one 
that  Mr.  Henley  is  bringing  together  into  one  book  the  finest  lyrics  in  our 
language.  Robust  and  original  the  book  will  certainly  be,  and  it  will  be  pro- 
duced with  the  same  care  that  made  '  Lyra  Heroica'  delightful  to  the  hand  and 
eye. 

"Q"  THE  GOLDEN  POMP  :  A  Procession  of  English  Lyrics 
from  Surrey  to  Shirley,  arranged  by  A.  T.  Quiller  Couch.  Crown 
Svo.    Buckram.  6s. 

Also  30  copies  on  hand-made  paper.   Demy  ?,vo.    £1,  is. 
Also  15  copies  on  Japanese  paper.    Demy  8vo.    £2,  2s. 
Mr.  Quiller  Couch's  taste  and  sympathy  mark  him  out  as  a  born  anthologist,  and 
out  of  the  wealth  of  Elizabethan  poetry  he  has  made  a  book  of  great  attraction. 

Beeching.    LYRA  SACRA :   An  Anthology  of  Sacred  Verse. 
Edited  by  H.  C.  Beeching,  M.  A.    Cro7vn  8vo.    Buckram.  6s. 
Also  25  copies  on  hand-made  paper.  21s. 

This  book  will  appeal  to  a  wide  public.  Few  languages  are  richer  in  serious  verse 
than  the  English,  and  the  Editor  has  had  some  difBculty  in  confining  his  material 
within  his  limits. 

Yeats.  A  BOOK  OF  IRISH  VERSE.  Edited  by  W.  B. 
Yeats.    Crown  8vo.    ^s.  6d. 
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Illustrated  Books 

Baring  Gould.  A  BOOK  OF  FAIRY  TALES  retold  by  8. 
Baring  Gould.  With  numerous  illustrations  and  initial  letters  by 
Arthur  J.  Gaskin.    Crown  Svo.  6s. 

Also  50  copies  on  hand-made  paper.  Demy  8vo.  £1,  is. 
Also  15  copies  on  Japanese  paper.  Demy  Svo.  £z,  2s. 
Few  living  writers  have  been  more  loving  students  of  fairy  and  folk  lore  than  Mr. 
Baring  Gould,  who  in  this  book  returns  to  the  field  in  which  he  won  his  spurs. 
This  volume  consists  of  the  old  stories  which  have  been  dear  to  generations  of 
children,  and  they  are  fully  illustrated  by  Mr.  Gaskin,  whose  exquisite  designs 
for  Andersen's  Tales  won  him  last  year  an  enviable  reputation. 

Baring  Gould.  A  BOOK  OF  NURSERY  SONGS  AND 
RHYMES.  Edited  by  S.  Baring  Gould,  and  illustrated  by  the 
Students  of  the  Birmingham  Art  School.  Crown  Svo.  6s. 
Also  50  copies  on  Japanese  paper.  4/0.  30J. 
A  collection  of  old  nursery  songs  and  rhymes,  including  a  number  which  are  little 
known.  The  book  contains  some  charming  illustrations  by  the  Birmingham 
students  under  the  superintendence  of  Mr.  Gaskin,  and  Mr.  Baring  Gould  has 
added  numerous  notes. 

BeecMng.     A  BOOK  OF  CHRISTMAS  VERSE.  Edited 
by  H.  C.  Beeching,  M.A.,  and  Illustrated  by  Walter  Crane. 
Cro7un  Svo.  6s. 
Also  50  copies  on  hand-made  paper.    Demy  Svo.    £1,  Is. 
Also  15  copies  on  Japanese  paper.    Demy  Svo.    £2,  2s. 
A  collection  of  the  best  verse  inspired  by  the  birth  of  Christ  from  the  Middle  Ages 
to  the  present  day.    Mr.  Walter  Crane  has  designed  some  beautiful  illustrations. 
A  distinction  of  the  book  is  the  large  number  of  poems  it  contains  by  modern 
authors,  a  few  of  which  are  here  printed  for  the  first  time. 

Jane  Barlow.  THE  BATTLE  OF  THE  FROGS  AND  MICE, 
translated  by  Jane  Barlow,  Author  of  'Irish  Idylls,'  and  pictured 
by  F.  D.  Bedford.    Small  i,to.    6s.  net. 

Also  50  copies  on  Japanese  paper.    ^0.    30^.  7iet. 

This  is  a  new  version  of  a  famous  old  fable.  Miss  Barlow,  whose  brilliant  volume 
of  '  Irish  Idylls'  has  gained  her  a  wide  reputation,  has  told  the  story  in  spirited 
tlowing  verse,  and  Mr.  Bedford's  numerous  illustrations  and  ornaments  are  as 
spirited  as  the  verse  they  picture.  The  book  will  be  one  of  the  most  beautiful 
and  original  books  possible. 
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3Delioti'onal  Boofes 

JViik  full-page  Illustrations. 
THE  IMITATION  OF  CHRIST.    By  Thomas  A  Kempis. 
With  an  Introduction  by  Archdeacon  Farrar.     Illustrated  by 

C.  M.  Gere.    Fcap.  2>vo.    y.  6d. 

Also  25  copies  on  hand-made  paper.  155. 

THE  CHRISTIAN  YEAR.  By  John  Keble.  With  an  Intro- 
duction and  Notes  by  W.  LOCK,  M.  A. ,  Sub- Warden  of  Keble  College, 
Author  of  'The  Life  of  John  Keble,'  Illustrated  by  R.  Anning 
Bell.    Fcap.  Svo.  ^s. 

Also  25  copies  on  hand-made  paper.  I5i. 
These  two  volumes  will  be  charming  editions  of  two  famous  books,  finely  illus- 
trated and  printed  in  black  and  red.    The  scholarly  introductions  will  give  them 
an  added  value,  and  they  will  be  beautiful  to  the  eye,  and  of  convenient  size. 

General  Literature 

Gibbon.  THE  DECLINE  AND  FALL  OF  THE  ROMAN 
EMPIRE.  By  Edward  Gibbon.  A  New  Edition,  edited  with 
Notes  and  Appendices  and  Maps  by  J.  B.  Bury,  M.A.,  Fellow  of 
Trinity  College,  Dublin.    In  seven  volumes.     Crown  8vo. 

The  time  seems  to  have  arr'ved  for  a  new  edition  of  Gibbon's  great  work— furni-shed 
with  such  notes  and  appendices  as  may  bring  it  up  to  the  standard  of  recent  his- 
torical research.  Edited  by  a  scholar  who  has  made  this  period  his  special  study, 
and  issued  in  a  convenient  form  and  at  a  moderate  price,  this  edition  should  fill 
an  obvious  void. 

Flinders  Petrie.  A  HISTORY  OF  EGYPT,  from  the 
Earliest  Times  to  the  Hyksos.    By  W.  M.  Flinders  Petrie, 

D.  C.  L.,  Professor  of  Egyptology  at  University  College.  Fully  Illus- 
trated.   Crown  Svo.  6s. 

This  volume  is  the  first  of  an  illustrated  History  of  Egypt  in  si.\  volumes,  intended 
both  for  students  and  for  general  reading  and  reference,  and  will  present  a  com- 
plete record  of  what  is  now  known,  both  of  dated  monuments  and  of  events,  from 
the  prehistoric  age  down  to  modern  times.  For  the  earlier  periods  everj*  trace  of 
the  various  kings  will  be  noticed,  and  all  historical  questions  will  be  fully  discussed. 

The  volumes  will  cover  the  following  periods  ; — 

I.  Prehistoric  to  Hyksos  times.  By  Prof.  Flinders  Petrie.  II.  xvuith  to  xxth 
Dynasties.  III.  xxist  to  xxxth  Dynasties.  IV.  The  Ptolemaic  Rule. 
V.  The  Roman  Rule.    VI.  The  Muhammedan  Rule. 

The  volumes  will  be  issued  separately.  The  first  will  be  re,-idy  in  the  autumn,  the 
Muhammedan  volume  early  next  year,  and  others  at  intervals  of  half  a  year. 
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Flinders  Petrie,  EGYPTIAN  DECORATIVE  ART.  By 
W.  M.  Flinders  Petrie,  D.C.L.  With  120  Illustrations.  Crozcn 
Sivo.    3^.  6d. 

A  book  which  deals  with  a  subject  which  has  never  yet  been  seriously  treated. 

Flinders  Petrie.  EGYPTIAN  TALES.  Edited  by  W.  M. 
Flinders  Petrie.  Illustrated  by  Tristram  Ellis.  Crown  Zvo. 
35.  6d. 

A  selection  of  the  ancient  tales  of  Egypt,  edited  from  original  sources,  and  of  great 
importance  as  illustrating  the  life  and  society  of  ancient  Egypt. 

Southey.  ENGLISH  SEAMEN  (Howard,  Clifford,  Hawkins, 
Drake,  Cavendish).  By  Robert  Southey.  Edited,  with  an 
Introduction,  by  David  Hannay.    Crown  Svo.  6s. 

This  is  a  reprint  of  some  excellent  biographies  of  Elizabethan  seamen,  written  by 
Southey  and  never  republished.  They  are  practically  unknown,  and  they  de- 
serve, and  will  probably  obtain,  a  wide  popularity. 

Waldstein.   JOHN  RUSKIN  :  a  Study.    By  Charles  Wald- 
STEIN,  M.  A.,  Fellow  of  King's  College,  Cambridge.    With  a  Photo- 
gravure Portrait  after  Professor  Herkomer.    Post  Svo.  ^s. 
Also  25  copies  on  Japanese  paper.    Demy  Svo.  21s. 

This  is  a  frank  and  fair  appreciation  of  Mr.  Ruskin's  work  aud  influence — literary 
and  social — by  an  able  critic,  who  has  enough  admiration  to  make  him  sym- 
pathetic, and  enough  discernment  to  make  him  impartial. 

Henley  and  Whibley.    A  BOOK  OF  ENGLISH  PROSE. 
Collected  by  W.  E.  Henley  and  Charles  Whibley.  Cr.  Svo.  6s. 
Also  40  copies  on  Dutch  paper,    zis.  net. 
Also  15  copies  on  Japanese  paper.    42X.  7iet. 
A  companion  book  to  Mr.  Henley's  well-known  '  Lyra  Heroica.'    It  is  believed  that 
no  such  collection  of  splendid  prose  has  ever  been  brought  within  the  compass  of 
one  volume.    Each  piece,  whether  containing  a  character-sketch  or  incident,  is 
complete  in  itself.    I  he  book  will  be  finely  printed  and  bound. 

Bobbins.  THE  EARLY  LIFE  OF  WILLIAM  EWART 
GLADSTONE.  Py  A.  F.  Robbins.  Wiili  Portraits.  Crown 
Svo.  6s. 

A  full  account  of  the  early  part  of  Mr.  Gladstone's  extraordinary  career,  based  on 
much  research,  and  containing  a  good  deal  of  new  matter,  especially  with  regard 
to  his  school  and  college  days. 

Baring  Gould.  THE  DESERTS  OF  SOUTH  CENTRAL 
FRANCE.  By  S.  Baring  Gould.  With  numerous  Illustrations  by 
F.  D.  Bedford,  S.  IIutton,  etc.    2  vols.    Demy  Svo.  32^. 

This  book  is  the  nrst  serious  attempt  to  dc-cribe  the  great  bairen  tableland  that 
extends  to  the  south  of  Limousin  in  the  Department  of  Aveyron,  Lot,  etc.,  a 
country  of  dolomite  cliffs,  and  cations,  and  subierranean  rivers.  The  region  is 
full  of  prehistoric  and  historic  interest,  relics  of  cave-dwellers,  of  mcdia;val 
robbers,  and  of  the  English  domination  and  the  Hundred  Years'  War.  The 
book  is  lavishly  illustrated. 
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Baring  Gould.  A  GARLAND  OF  COUNTRY  SONG  : 
English  Folk  Songs  with  their  traditional  melodies.  Collected  and 
arranged  by  S.  Baring  Gould  and  H.  Fleetwood  Sheppard. 
Royal  2>vo.  6s. 

In  collecting  West  of  England  airs  for  '  Songs  of  the  West,'  the  editors  came  across 
a  number  of  songs  and  airs  of  considerable  merit,  which  were  known  throughout 
England  and  could  not  justly  be  regarded  as  belonging  to  Devon  and  Cornwall. 
Some  fifty  of  these  are  now  given  to  the  world. 

Oliphant.  THE  FRENCH  RIVIERA.  By  Mrs.  Oliphant 
and  F.  R.  Oliphant.  With  Illustrations  and  Maps.  Crown  8vo. 
6s. 

A  volume  dealing  with  the  French  Riviera  from  Toulon  to  Mentone.  Without  fall- 
ing within  the  guide-book  category,  the  book  will  supply  some  useful  practical 
information,  while  occupying  itself  chiefly  with  descriptive  and  historical  matter. 
A  special  feature  will  be  the  attention  directed  to  those  portions  of  the  Riviera, 
which,  though  full  of  interest  and  easily  accessible  from  many  well-frequented 
spots,  are  generally  left  unvisited  by  English  travellers,  such  as  the  Maures 
Mountains  and  the  St.  Tropez  district,  the  country  lying  between  Cannes,  Grasse 
and  the  Var,  and  the  magnificent  valleys  behind  Nice.  There  will  be  several 
original  illustrations. 

George.  BATTLES  OF  ENGLISH  HISTORY.  By  H.  B. 
George,  M.A.,  Fellow  of  New  College,  Oxford.  IVttA  numerous 
Plans.    Crown  Svo.  6s. 

This  book,  by  a  well-known  authority  on  military  history,  will  be  an  important 
contribution  to  the  literature  of  the  subject.  All  the  great  battles  of  English 
history  are  fully  described,  connecting  chapters  carefully  treat  of  the  changes 
wrought  by  new  discoveries  and  developments,  and  the  healthy  spirit  of  patriotism 
is  nowhere  absent  from  the  pages. 

Shedlock.  THE  FIANOFORTE  SONATA:  Its  Origin  and 
Development.    By  J.  S.  Shedlock.    Crown  Svo.  ^s. 

This  is  a  practical  and  not  unduly  technical  account  of  the  Sonata  treated  histori- 
cally. It  contains  several  novel  features,  and  an  account  of  various  works  little 
known  to  the  English  public. 

Jenks.  ENGLISH  LOCAL  GOVERNMENT.  By  E  JENKS, 
M.A.,  Professor  of  Law  at  University  College,  Liverpool.  Crown 
Svo.    2s.  6d. 

A  short  account  of  Local  Government,  historical  and  explanatory,  which  will  appear 
very  opportunely. 
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Dixon.  A  PRIMER  OF  TENNYSON.  By  W.  M.  Dixon, 
M.A.,  Professor  of  English  Literature  at  Mason  College.  Fcap.  Svo. 
IS.  6d. 

This  book  consists  of  (i)  a  succinct  but  complete  biography  of  Lord  Tennyson; 
(2)  an  account  of  the  volumes  published  by  him  in  chronological  order,  dealing  with 
the  more  important  poems  separately  ;  (3)  a  concise  criticism  of  Tennyson  in  his 
various  aspects  as  lyrist,  dramatist,  and  representative  poet  of  his  day ;  (4)  a 
bibliography.  Such  a  complete  book  on  such  a  subject,  and  at  such  a  moderate 
price,  should  find  a  host  of  readers. 

Oscar  Browning.    THE  AGE  OF  THE  CONDOTTIERI :  A 
Short  History  of  Italy  from  1409  to  1530.    By  Oscar  Browning, 
M.  A. ,  Fellow  of  King's  College,  Cambridge.    Crown  Svo.  $s. 
This  book  is  a  continuation  of  Mr.  Browning's  '  Guelphs  and  Ghibellines,'  and  the 
two  works  form  a  complete  account  of  Italian  history  from  1250  to  1530. 

Layard.  RELIGION  IN  BOYHOOD.  Notes  on  the  Reli- 
gious Training  of  Boys.  With  a  Preface  by  J.  R.  Illingworth. 
By  E.  B.  Layard,  M.A.    i8mo.  is. 

Chalmers  Mitchell,  OUTLINES  OF  BIOLOGY.  By  P. 
Chalmers  Mitchell,  M.A.,  F.Z.S.  Ful/j^  Illustrated.  Crown 
Svo.  6s. 

A  text-book  designed  to  cover  the  new  Schedule  issued  by  the  Royal  College  of 
Physicians  and  Surgeons. 


Maiden.     ENGLISH    RECORDS.     A   Companion  to  the 
History  of  England.    By  H.  E.  Malden,  M.  A.    Crown  Svo.  ^s.  6d. 


A  book  which  aims  at  concentrating  information  upon  dates,  genealogy,  officials, 
constitutional  documents,  etc.,  which  is  usually  found  scattered  in  different 
volumes. 


Hutton.  THE  VACCINATION  QUESTION.  A  Letter  to 
the  Right  Hon.  H.  H.  Asquith,  M.P.  By  A.  W.  Hutton, 
M.A.    Crown  Svo. 


NEW  VOLUMES 

Crown  Svo.    y.  6d. 

LANCELOT  ANDREWES,  Bishop  of  Winchester.  By  R,  L, 
Ottley,  Principal  of  Pusey  House,  Oxford,  and  Fellow  of  Mag- 
dalen.    With  Portrait. 

St.  AUGUSTINE  of  Canterbury.  By  E.  L.  CUTTS,  D.D. 
With  a  Portrait. 

THOMAS  CHALMERS.  By  Mrs.  Oliphant.  With  a 
Portrait.    Second  Edition. 

JOHN  KEBLE.  By  Walter  Lock,  Sub-Warden  of  Keble 
College.     With  a  Portrait.    Seventh  Edition. 
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English  Classics 

Edited  by  W.  E.  Henley. 

Messrs.  Methuen  propose  to  publish,  under  this  title,  a  series  of  the  masterpieces  of 
the  English  tongue. 

The  ordinary  '  cheap  edition '  appears  to  have  served  its  purpose :  the  public  has 
found  out  the  artist-printer,  and  is  now  ready  for  something  better  fashioned. 
This,  then,  is  the  moment  for  the  issue  of  such  a  series  as,  while  well  within  the 
reach  of  the  average  buyer,  shall  be  at  once  an  ornament  to  the  shelf  of  him  that 
owns,  and  a  delight  to  the  eye  of  him  that  reads. 

The  series,  of  which  Mr.  William  Ernest  Henley  is  the  general  editor,  will  confine 
itself  to  no  single  period  or  department  of  literature.  Poetry,  fiction,  drama, 
biography,  autobiography,  letters,  essays — in  all  these  fields  is  the  material  of 
many  goodly  volumes. 

The  books,  which  are  designed  and  printed  by  Messrs.  Constable,  will  be  issued  in 
two  editions — 

(1)  A  small  edition,  on  the  finest  Japanese  vellum,  limited  in  most 
cases  to  75  copies,  demy  8vo,  21s.  a  volume  nett ; 

(2)  The  popular  edition  on  laid  paper,  crown  8vo,  buckram,  3^.  6d.  a 
volume. 

The  first  six  numbers  are  : — 
THE  LIFE  AND  OPINIONS  OF  TRISTRAM  SHANDY. 
By  Lawrence  Sterne.     With  an  Introduction  by  Charles 
Whibley,  and  a  Portrait.    2  voh. 

THE  WORKS  OF  WILLIAM  CONGREVE.  With  an  Intro- 
duction by  G.  S.  Street,  and  a  Portrait.    2  vols. 

THE  LIVES  OF  DONNE,  WOTTON,  HOOKER,  HERBERT, 
and  SANDERSON.  By  Izaak  Walton.  With  an  Introduction 
by  Vernon  Blackburn,  and  a  Portrait. 

THE  ADVENTURES  OF  HADJI  BABA  OF  ISPAHAN. 
By  James  Morier.    With  an  Introduction  by  E.  S.  Browne,  M.  A. 

THE  POEMS  OF  ROBERT  BURNS.  With  an  Introduction 
by  W.  E.  Henley,  and  a  Portrait.    2  vols. 

THE  LIVES  OF  THE  ENGLISH  POETS.  By  SAMUEL 
Johnson,  LL.D.  With  an  Introduction  by  John  Hepburn 
Millar,  and  a  Portrait.    3  vo/s. 

Classical  Translations 

JVEIF  VOLUMES 
Crown  Svo.    Finely  printed  ami  bound  in  blue  btickram. 
LUCIAN — Six  Dialogues  (Nigrinus,  Icaro-Menippus,  The  Cock, 
The  Ship,  The  Parasite,  The  Lover  of  Falsehood),    Translated  by  S. 
T.  Irwin,  M.A.,  Assistant  Master  at  Clifton ;  late  Scholar  of  Exeter 
College,  Oxford.    3y.  (td. 


Messrs.  Methuen's  List  9 

SOPHOCLES— Electra  and  Ajax.  Translated  by  E.  D.  A. 
MORSHEAD,  M.A.,  late  Scholar  of  New  College,  Oxford;  Assistant 
Master  at  Winchester.    2s.  6d. 

TACITUS — Agricola  and  Germania.     Translated  by   R.  B. 

ToWNSHEND,  late  Scholar  of  Trinity  College,  Cambridge.    2s.  6d. 
CICERO— Select  Orations  (Pro  Milone,  Pro  Murena,  Philippic  II., 

In  Catilinam).    Translated  by  11.  E.  D.  Blakiston,  M.A.,  Fellow 

and  Tutor  of  Trinity  College,  Oxford.  5^. 

University  Extension  Series 

NEW  VOLUMES.    CroumSvo.    zs.  6<i. 

THE  EARTH.  An  Introduction  to  Physiography.  By  Evan 
Small,  M.A.  Ilhistrated. 

INSECT  LIFE.    By  F.  W.  THEOBALD,  M.A.  Illusirated. 

Social  Questions  of  To-day 

NEW  VOLUME.    Crown  Zvo.    2J.  6rf. 

WOMEN'S  WORK.  By  Lady  Dilke,  Miss  Bulley,  and 
Miss  Whitley. 

Cheaper  Editions 

Baring  Gould.  THE  TRAGEDY  OF  THE  CAESARS  :  The 
Emperors  of  the  Julian  and  Claudian  Lines.  With  numerous  Illus- 
trations from  Busts,  Gems,  Cameos,  etc.  By  S.  Baring  Gould, 
Author  of  '  Mehalah,'  etc.  Third  Edition.  Royal  %vo.  I'-^s. 
'A  most  splendid  and  fascinating  book  on  a  subject  of  undying  interest.  The  great 
feature  of  the  book  is  the  use  the  author  has  made  of  the  existing  portraits  of  the 
Caesars,  and  the  admirable  critical  subtlety  he  has  exhibited  in  dealing  with  this 
line  of  research.  It  is  brilliantly  written,  ana  the  illustrations  are  supplied  on  a 
scale  of  profuse  magnificence.' — Daily  Chronicle. 

Clark  Russell.  THE  LIFE  OF  ADMIRAL  LORD  COL- 
LINGWOOD.  By  W.  Clark  Russell,  Author  of  '  The  Wreck 
of  the  Grosvenor.'  With  Illustrations  by  F.  Brangwyn.  Second 
Edition.  87JO.  6s. 
'A  most  excellent  and  wholesome  book,  which  we  should  like  to  see  in  the  hands  of 
every  boy  in  the  country.' — .5"/.  James's  Casetle. 
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Fiction 

Baring  Gould.    KITTY  ALONE.    By  S.  Baring  Gould, 

Author  of  '  Mehalah,'  '  Cheap  Jack  Zita,'  etc.    3  vols.    Crown  8zw. 
A  romance  of  Devon  life. 

Norris.    MATTHEW  AUSTIN.    By  W.  E.  NoRRis,  Author  of 
'Mdle.  de  Mersai,'  etc.    3  vols.    Crown  ^vo. 
A  story  of  English  social  life  by  the  well-known  author  of  '  The  Rogue.' 

Parker.    THE  TRAIL  OF  THE  SWORD.    By  Gilbert 
Parker,  Author  of  '  Pierre  and  his  People,'  etc.   2  vols.   Crown  8vo. 

A  historical  romance  dealing  with  a  stirring  period  in  the  history  of  Canada. 

Anthony  Hope.    THE  GOD  IN  THE  CAR.    By  Anthony 
Hope,  Author  of  '  A  Change  of  Air,'  etc.    2  vols.    Crown  Svo, 

A  story  of  modern  society  by  the  clever  author  of  '  The  Prisoner  of  Zenda. ' 

Mrs.  Watson.    THIS  MAN'S  DOMINION.    By  the  Author 
of  '  A  High  Little  World.'    2  vols.  Crotun^vo. 
A  story  of  the  conflict  between  love  and  religious  scruple. 

Conan  Doyle.  ROUND  THE  RED  LAMP.  By  A.  Conan 
Doyle,  Author  of  '  The  White  Company,'  '  The  Adventures  of  Sher- 
lock Holmes,'  etc.  Croiun  Svo.  6s. 
This  volume,  by  the  well-known  author  of  '  The  Refugees,'  contains  the  experiences 
of  a  general  practitioner,  round  whose  '  Red  Lamp'  cluster  many  dramas — some 
sordid,  some  terrible.  The  author  makes  an  attempt  to  draw  a  few  phases  of  life 
from  the  point  of  view  of  the  man  who  lives  and  works  behind  the  lamp. 

Barr.    IN  THE  MIDST  OF  ALARMS.    By  Robert  Barr, 
Author  of  '  From  Whose  Bourne,'  etc.    Crown  Svo.  6s. 
A  story  of  journalism  and  Fenians,  told  with  much  vigour  and  humour. 

Benson.     SUBJECT  TO  VANITY.    By  Margaret  Benson. 

With  numerous  Illustrations.    Crown  Svo,    3^.  6d. 
A  volume  of  humorous  and  sympathetic  sketches  of  animal  life  and  home  pets. 

X.  L.  AUT  DIABOLUS  AUT  NIHIL,  and  Other  Stories. 
By  X.  L.  Crown  Svo.  ^s.  6d. 
A  collection  of  stories  of  much  weird  power.  The  title  story  appeared  some  years 
ago  in  '  Blackwood's  Magazine,'  and  excited  considerable  attention.  "I'he 
'Spectator'  spoke  of  it  as  '  distinctly  original,  and  in  the  highest  degree  imagina- 
tive.   The  conception,  if  self-generated,  is  almost  as  lofty  as  Milton's.' 

Morrison.    TALES  OF  MEAN   STREETS.    By  Arthur 
Morrison.    Crown  Svo.  6s. 

A  volume  of  sketches  of  East  End  life,  some  of  which  have  appeared  in  the  '  National 
Observer,'  and  have  been  much  praised  for  their  truth  and  strength  and  pathos. 

O'Grady.    THE  COMING  OF  CURCULAIN.  By  Standish 
O'Grady,  Author  of  '  Finn  and  his  Companions,'  etc.  Illustrated 
by  Murray  Smith.    Croiun  Svo.    t,s.  6d. 
The  story  of  the  boyhood  of  one  of  the  legendary  heroes  of  Ireland. 


Messrs.  Methuen's  List 


New  Editions 

E.  F.  Benson.  THE  RUBICON.  By  E.  F.  Benson,  Author 
of 'Dodo.'  Fourth  Edition.  Crown  2ivo.  6s. 
Mr.  Benson's  second  novel  has  been,  in  its  two  volume  form,  almost  as  great  a 
success  as  his  first.  'I'he  '  Birmingham  Post '  says  it  is  '  well  ■written,  stimulat- 
ing, unconventional,  and,  in  a  worii,  characteristic  ' :  the  '  National  Observer ' 
congratulates  Mr.  Benson  upon  'an  exceptional  achievement,'  and  calls  the 
book  '  a  notable  advance  on  his  previous  work. ' 

Stanley  Weyman.  UNDER  THE  RED  ROBE.  By  Stanley 
Weyman,  .\uthor  of  '  A  Gentleman  of  France.'  With  Twelve  Illus- 
trations by  R.  Cat  on  Woodville.    Fow-th  Edition.    Crown  8vo.  6s. 

A  cheaper  edition  of  a  book  which  won  instant  popularity.  No  unfavourable  review 
occurred,  and  most  critics  spoke  in  terms  of  enthusiastic  admiration.  The  'West- 
minster Gazette  '  called  it  '  a  book  o/which  we  have  read  every  word for  the  sheer 

pleasure  of  reading,  and  which  we  put  dotvn  with  a  pang  that  we  cannot  forget 
it  all  and  start  again.'  The  '  Daily  Chronicle '  said  that  every  nne  who  reads 
books  at  all  must  read  this  thrilling  romance,  from  the  first  page  of  ivhich  to  the 
last  the  breathless  reader  is  haled  along.'  It  also  called  the  book  '  an  inspiration 
of  manliness  and  courage.'  The  'Globe'  called  it  'a  delightful  tale  of  chivalry 
and  adventure,  vivid  and  dramatic,  with  a  wholesome  jnodesty  and  reveretice 

for  the  highest.' 

Baring  Gould.  THE  QUEEN  OF  LOVE.  By  S.  Baring 
Gould,  Author  of  '  Cheap  Jack  Zita,'  etc.  Second  Edition. 
Crown  8vo,  6s. 

The  scenery  is  admirable  and  the  dramatic  incidents  most  striking.' — Clasgoiu 
Herald. 

'Strong,  interesting,  and  clever.' — Westminster  Gazette. 
'You  cannot  put  it  down  till  you  have  finished  it.' — Punch. 
Can  be  heartily  recommended  to  all  who  care  for  cleanly,  energetic,  and  interesting 
fiction.' — Sussex  Daily  News. 

Mrs.  Oliphant.  THE  PRODIGALS.  By  Mrs.  Oliphant. 
Second  Edition.     Croivn  8vo.    y.  6d. 

Richard  Pryce.  WINIFRED  MOUNT.  By  Richard  Pryce. 

Second  Edition.    Crown  %7)o.  6d. 
The  'Sussex  Daily  News'  called  this  book  '«  delightful  story,'        said  th.it  the 
v/riung,v/as' uniformly  bright  and  graceful.'   The  '  I  J.nily  Telegraph  '  said  that  the 
author  was  a  '  deft  and  elegant  story-teller,'  and  that  the  hook  was  '  an  extremciy 
clever  story,  utterly  untainted  by  pessimism  or  vulgarity.' 

Constance  Smith.  A  CUMBERER  OF  THE  GROUND. 
By  Constance  Smith,  Author  of  'The  Repentance  of  Paul  Wenl- 
worth,'  etc.    New  Edition.    Croivn  Svo.    3s.  6d. 
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School  Books 

A  VOCABULARY  OF  LATIN  IDIOMS  AND  PHRASES. 
By  A.  M.  M.  Stedman,  M.A.    i8wo.  is. 

STEPS  TO  GREEK.  By  A.  M.  M.  Stedman,  M.A.  i8;«^7. 
IS.  6d. 

A  SHORTER  GREEK  PRIMER  OF  ACCIDENCE  AND 
SYNTAX.    By  A.  M.  M.  Stedman,  M.A.    CrownZvo.    \s.  6d. 

SELECTIONS  FROM  THE  ODYSSEY.  With  Introduction 
and  Notes.  By  E.  D.  Stone,  M.A.,  late  Assistant  Master  at  Eton. 
Fcap.  2>vo.  IS. 

THE  ELEMENTS  OF  ELECTRICITY  AND  MAGNETISM. 
With  numerous  Illustrations.  By  R.  G.  Steel,  M.A.,  Head  Master 
of  the  Technical  Schools,  Northampton.    Crown  8m    4^.  dd. 

THE  ENGLISH  CITIZEN  :  His  Rights  and  Duties.  By 
H.  E.  Malden,  M.A.    Crown  %vo.    \s.  6d. 

A  simple  account  of  the  privileges  and  duties  of  the  English  citizen. 

INDEX  POETARUM  LATINORUM.     By  E.  F.  Benecke, 
M.A.    Crotu?i  8vo.    4^.  6d. 
An  aid  to  Latin  Verse  Composition. 

Commercial  Series 

A  PRIMER  OF  BUSINESS.  By  S.  Jackson,  M.A.  Crown 
Svo.    IS.  6d. 

COMMERCIAL  ARITHMETIC.  By  F.  G.  Taylor.  Crown 
Svo.    IS.  6d. 
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S^to  fint)  Accent  Boofe^ 
Poetry 

Eudyard  Kipling.  BARRACK- ROOM  BALLADS;  And 
Other  Verses.  By  Rudyard  Kipling.  Seventh  Edition.  Crown 
8vo.  6s. 

A  Special  Presentation  Edition,  bound  in  white  buckram,  with 
extra  gilt  ornament,    ys.  6d. 

'  Mr.  Kipling's  verse  is  strong,  vivid,  full  of  character.  .  .  .  Unmistakable  genius 
rings  in  every  line. ' —  Times. 

'  The  disreputable  lingo  of  Cockayne  is  henceforth  justified  before  the  world  ;  for  a 
man  of  genius  has  taken  it  in  hand,  and  has  shown,  beyond  all  cavilling,  that  in 
its  way  it  also  is  a  medium  for  literature.  You  are  grateful,  and  you  say  to 
yourself,  half  in  envy  and  half  in  admiration  :  "  Here  is  a  000/e  ;  here,  or  one  is  a 
Dutchman,  is  one  of  the  books  of  the  ye.ir."  ' — National  Observer. 

'"Barrack-Room  Ballads"  contains  some  of  the  best  work  that  Mr.  Kipling  has 
ever  done,  which  is  saying  a  good  deal.  "  Fuzzy- Wuzzy,"  "  Gunga  Din,"  and 
"  Tommy,"  are,  in  our  opinion,  altogether  superior  to  anything  of  the  kind  that 
English  literature  has  hitherto  produced.' — Athence-um. 

'  These  ballads  are  as  wonderful  in  their  descriptive  power  as  they  are  vigorous  in 
their  dramatic  force.  There  are  few  ballads  in  the  English  language  more 
stirring  than  "The  Ballad  of  East  and  West,"  worthy  to  stand  by  the  Border 
ballads  of  Scott." — Spectator. 

'The  ballads  teem  with  imagination,  they  palpitate  with  emotion.  We  read  them 
with  laughter  and  tears  ;  the  metres  throb  in  our  pulses,  the  cunningly  ordered 
words  tingle  with  life  ;  and  if  this  be  not  poetry,  what  is?' — Pall  Mall  Gazette. 

Henley.  LYRA  HEROICA:  An  Anthology  selected  from  the 
best  English  Verse  of  the  i6th,  17th,  l8th,  and  19th  Centuries.  By 
William  Ernest  Henley,  Author  of  'A  Book  of  Verse,'  'Views 
and  Reviews,'  etc.  Crown  8vo.  Stamped  gilt  buckram,  gilt  top, 
edges  uncut.  (>s. 

'  Mr.  Henley  has  brought  to  the  task  of  selection  an  instinct  alike  for  poetry  and  for 
chivalry  which  seems  to  us  quite  wonderfully,  and  even  unerringly,  right.' — 
Guardian. 

Tomson.  A  SUMMER  NIGHT,  AND  OTHER  POEMS.  By 
Graham  R.  Tomson.  With  Frontispiece  by  A.  Tomson.  FcaJ>. 
8vo.    3^.  6d. 

An  edition  on  hand-made  paper,  limited  to  50  copies.    10s.  6d.  net. 

'  Mrs.  Tomson  holds  perhaps  the  very  highest  rank  among  poetesses  of  English  birth. 
This  selection  will  help  her  reputation.' — Bind  and  IFliite. 
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Ibsen.    BRAND.    A  Drama  by  Henrik  Ibsen.    Translated  by 
William  Wilson.    Crown  Svo.    Second  Edition.    3^.  6d. 

'The  greatest  world-poem  of  the  nineteenth  century  next  to  "Faust."  "Brand  ' 
will  have  an  astonishing  interest  for  Englishmen.  It  is  in  the  same  set  with 
"Agamemnon,"  with  "  Lear,"  with  the  literature  that  we  now  instinctively  regard 
as  high  and  holy.' — Daily  Chronicle. 

"  Q."   GREEN  BAYS  :  Verses  and  Parodies.    By  "  Q.,"  Author 
of  '  Dead  Man's  Rock '  etc.    Second  Edition.    Fcap.  Svo.    y.  6d. 

'The  verses  display  a  rare  and  versatile  gift  of  parody,  great  command  of  metre,  and 
a  very  pretty  turn  of  humour. ' —  Times. 

"A.  G."  VERSES  TO  ORDER.   By"A.  G."   Cr.  Svo.  2s.6d. 
net. 

A  small  volume  of  verse  by  a  writer  whose  initials  are  well  known  to  Oxford  men. 
'A  capital  specimen  of  light  academic  poetry.    These  verses  are  very  bright  and 
■  engaging,  easy  and  sufficiently  witty.' — Si.  /ames's  Gazette. 

Hosken.    VERSES  BY  THE  WAY.    By  J.  D.  Hosken. 

Croivn  %vo.  '^s. 

A  small  edition  on  hand-made  paper.    PHce  \2s.  6d.  net, 

A  Volume  of  Lyrics  and  Sonnets  by  J.  D.  Hosken,  the  Postman  Poet.  Q,  the 
Author  of  '  The  Splendid  Spur,'  writes  a  critical  and  biographical  intro- 
duction. 

Gale.    CRICKET  SONGS.    By  Norman  Gale.    Crowji  Svo. 

Line7i.    is.  6d. 

Also  a  limited  edition  on  hand-made  paper.  Demy  Zvo.  lOs.  6d. 
net. 

•They  are  wrung  out  of  the  excitement  of  the  moment,  and  palpitate  with  the  spirit 

of  the  game.' — Star. 
'As  healthy  as  they  are  spirited,  and  ought  to  have  a  great  success.' — Times. 
'  Simple,  manly,  and  humorous.  Every  cricketer  should  buy  the  book.' — Westminster 

Gazette. 

'  Cricket  has  never  known  such  a  smgzT.'— Cricket. 

Langbridge.  BALLADS  OF  THE  BRAVE  :  Poems  of  Chivalry, 
Enterprise,  Courage,  and  Constancy,  from  the  Earliest  Times  to  the 
Present  Day.  Edited,  with  Notes,  by  Rev.  F.  Langbridge. 
Crown  Svo.  Buckram  3^.  6d.  School  Edition,  2s.  6d. 
'A  very  happy  conception  happily  carried  out.  These  "Ballads  of  the  Brave"  are 
intended  to  suit  the  real  tastes  of  boys,  and  will  suit  the  taste  of  the  great  majority. 
— Spectator.  '  The  book  is  full  of  splendid  things.' — World. 
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General  Literature 

CoUingwood.  JOHN  RUSKIN  :  His  Life  and  Work.  By 
W.  G.  COLLINGWOOD,  M.A.,  late  Scholar  of  University  College, 
Oxford,  Author  of  the  'Art  Teaching  of  John  Ruskin,'  Editor  of 
Mr.  Ruskin's  Poems.    2  vols.    8vo.    32^.    Sicond  Edition. 

This  important  work  is  written  by  Mr.  CoUingwood,  who  has  been  for  some  years 
Mr.  Ruskin's  private  secretary,  and  who  has  had  unique  advantages  in  obtaining 
materials  for  this  book  from  Mr.  Ruskin  himself  and  from  his  friends.  It  contains 
a  large  amount  of  new  matter,  and  of  letters  which  have  never  been  published, 
and  is,  in  fact,  a  full  and  authoritative  biography  of  Mr.  Ruskin.  The  book 
contains  numerous  portraits  of  Mr.  Ruskin,  including  a  coloured  one  from  a 
water-colour  portrait  by  himself,  and  also  13  sketches,  never  before  published,  by 
Mr.  Ruskin  and  Mr.  Arthur  Severn.    A  bibliography  is  added. 

'  No  more  magnificent  volumes  have  been  published  for  a  long  time.  .  .  .'—Times. 

'This  most  lovingly  written  and  most  profoundly  interesting  book.' — Daily  News. 

'  It  is  long  since  we  have  had  a  biography  with  such  varied  delights  of  substance 
and  of  form.  Such  a  book  is  a  pleasure  for  the  day,  and  a  joy  for  ever.' — Daily 
Chronicle. 

'  Mr.  Ruskin  could  not  well  have  been  more  fortunate  in  his  biographer.' — Globe. 
'A  noble  monument  of  a  noble  subject.    One  of  the  most  beautiful  books  about  one 
of  the  noblest  lives  of  our  century.' — Glasgow  Herald. 

Gladstone.  THE  SPEECHES  AND  PUBLIC  ADDRESSES 
OF  THE  RT.  HON.  W.  E.  GLADSTONE,  M.P.  With  Notes 
and  Introductions.  Edited  by  A.  W.  HuTTON,  M.A.  (Librarian  of 
the  Gladstone  Library),  and  H.  J,  Cohen,  M.A.  With  Portraits. 
2>vo.     Vols.  IX.  and  X.    \7,s.  6d.  each. 

Clark  RusselL     THE  LIFE  OF  ADMIRAL  LORD  COL- 
LINGWOOD.   By  W.  Clark  Russell,  Author  of  'The  W^reck 
of  the  Grosvenor.'    With  Illustrations  by  F.  Brangwyn.  Second 
Edition.    Croivn  Svo.  6s. 
'  A  really  good  book.' — Saturday  Review. 

'  A  most  excellent  and  wholesome  book,  which  w^  should  like  to  see  in  the  hands  of 
every  boy  in  the  country.' — St.  James's  Gazette. 

Clark.  THE  COLLEGES  OF  OXFORD  :  Their  History  and 
their  Traditions.  By  Members  of  the  University.  Edited  by  A. 
Clark,  M.A.,  Fellow  and  Tutor  of  Lincoln  College.   Svo.   12s.  6d. 

'Whether  the  reader  approaclies  the  book  as  a  patriotic  member  of  a  college,  as  an 
.antiquary,  or  as  a  student  of  the  organia  growth  of  college  foundation,  it  will  amply 
reward  his  attention.' — Times. 

'A  delightful  book,  learned  and  lively.'— .4<:a(!'<v;/)'. 

'A  work  which  will  certainly  be  appe.-iled  to  for  many  years  as  the  standard  book  on 
the  Colleges  of  Oxford.'— A t/ieno'iint. 
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Wells.    OXFORD   AND   OXFORD   LIFE.   By  Members  of 
the  University.    Edited  by  J.  Wells,  M.A.,  Fellow  and  Tutor  of 
Wadham  College.    Crown  Zvo.    3^.  i>d. 
This  work  contains  an  account  of  life  at  Oxford — intellectual,  social,  and  religious — 
a  careful  estimate  of  necessary  expenses,  a  review  of  recent  changes,  a  statement 
of  the  present  position  of  the  University,  and  chapters  on  Women's  Education, 
aids  to  study,  and  University  Extension. 
'  We  congratulate  Mr.  Wells  on  the  production  of  a  readable  and  intelligent  account 
of  Oxford  as  it  is  at  the  present  time,  written  by  persons  who  are,  with  hardly  an 
exception,  possessed  of  a  close  acquaintance  with  the  system  and  life  of  the 
University.' — A  t/ienau>it, 

Perrens.  THE  HISTORY  OF  FLORENCE  FROM  THE 
TIME  OF  THE  MEDICIS  TO  THE  FALL  OF  THE 
REPUBLIC.  By  F.  T.  Pekrens.  Translated  by  Hannah 
Lynch.    In  Three  Volumes.     Vol.  I.    8vo.    12s.  6cl. 

This  is  a  translation  from  the  French  of  the  best  history  of  Florence  in  existence. 

This  volume  covers  a  period  of  profound  interest — political  and  literary — and 

is  written  with  great  vivacity. 
'This  is  a  standard  book  by  an  honest  and  intelligent  historian,  who  has  deserved 

well  of  his  countrymen,  and  of  all  who  are  interested  in  Italian  history.' — Man- 

Chester  Guardian. 

Browning.  GUELPHS  AND  GHIBELLINES  :  A  Short  History 
of  Mediaeval  Italy,  A.D.  1250-1409.  By  OscAR  Browning,  Fellow 
and  Tutor  of  King's  College,  Cambridge.  Second  Edition.  Crown 
Svo.  51. 

'  A  very  able  book.' — H^estinins/cr  Gazette. 

'A  vivid  picture  of  medixval  Italy.' — Standard. 

O'Grady.  THE  STORY  OF  IRELAND.  By  Standish 
O'Grady,  Author  of  '  Finn  and  his  Companions.'    Cr.  Svo.    2s.  6d. 

'  Novel  and  very  fascinating  history.    Wonderfully  alluring.'— Cor/i  Examiner. 

'  Most  delightful,  most  stimulating.  Its  racy  humour,  its  original  imaginings,  its 
perfectly  unique  history,  make  it  one  of  the  freshest,  breeziest  volumes.' — 
Methodist  Times. 

'A  survey  at  once  graphic,  acute,  and  quaintly  written.' — Times. 

Dixon.  ENGLISH  POETRY  FROM  BLAKE  TO  BROWN- 
ING.   By  W.  M.  Di.xoN,  M.A.    CrownSvo.    y.  6d. 

A  Popular  -Account  of  the  Poetry  of  the  Century. 

'  Scholarly  in  conception,  and  full  of  sound  and  suggestive  criticism.' — Times. 
'  The  book  is  remarkable  for  freshness  of  thought  expressed  in  graceful  language.' — 
Manchester  Examiner. 

Bowden,  THE  EXAMPLE  OF  BUDDHA:  Being  Quota- 
tions from  Buddhist  Literature  for  each  Day  in  the  Year.  Compiled 
by  E.  M.  BoWDEN.  With  Preface  by  Sir  Edwin  Arnold.  Third 
Edition.    i6mo.    2s.  6d. 
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Flinders  Petrie.  TELL  EL  AMARNA.  By  W.  M.  Flinders 
Petrie,  D.C.L.  With  chapters  by  Professor  A.  H.  Sayce,  D.D.; 
F.  Ll.  Griffith,  F.S.A.;  and  F.  C.  J.  Spurrell,  F.G.S.  With 
numerous  coloured  illustrations.    Royal  4/(7.    0.05.  iiet. 

Massee.  A  MONOGRAPH  OF  THE  MYXOGASTRES.  By 
George  Massee.    With  12  Coloured  Plates.    Royal  8vo.    18s.  net. 

'A  work  much  in  advance  of  any  book  in  the  language  treating  of  this  group  of 
organisms.  It  is  indispensable  to  every  student  of  the  Mxyogastres.  The 
coloured  plates  deserve  high  praise  for  their  accuracy  and  execution.'— yVa/wre. 

Bushill,  PROFIT  SHARING  AND  THE  LABOUR  QUES- 
TION. By  T.  W.  Bushill,  a  Profit  Sharing  Employer.  With  an 
Introduction  by  Sedley  Taylor,  Author  of  '  Profit  Sharing  between 
Capital  and  Labour.'    Crown  8w.    2s.  6d, 

John  Beever.  PRACTICAL  FLY-FISHING,  Founded  on 
Nature,  by  John  Beever,  late  of  the  Thwaite  Plouse,  Coniston.  A 
New  Edition,  with  a  Memoir  of  the  Author  by  W.  G.  Collingwood, 
M.A.  Also  additional  Notes  and  a  chapter  on  Char-Fishing,  by  A. 
and  A.  R.  Severn.  With  a  specially  designed  title-page.  Crown 
8vo.    3^.  6tl. 

A  little  book  on  Fly-Fishing  by  an  old  friend  of  Mr.  Ruskin.  It  h?s  been  out  of 
print  for  some  time,  and  being  still  much  in  request,  is  now  issutd  with  a  Memoir 
of  the  Author  by  W.  G.  Collingwood. 

Theology- 
Driver.   SERMONS  ON  SUBJECTS  CONNECTED  WITH 
THE  OLD  TESTAMENT.    By  S.  R.  Driver,  D.D.,  Canon  of 
Christ  Church,  Regius  Professor  of  Hebrew  in  the  University  of 
Oxford.    Crown  Svo.  6s. 
'A  welcome  companion  to  the  author's  famous  '  Introduction.'  No  man  can  read  these 
discourses  without  feeling  that  Dr.  Driver  is  fully  alive  to  the  deeper  teaching  of 
the  Old  Testament.' — Guardian. 

Cheyne.   FOUNDERS  OF  OLD  TESTAMENT  CRITICISM: 
Biographical,  Descriptive,  and  Critical  Studies.    By  T.  K.  Cheyne, 
D.D.,  Oriel  Professor  of  the  Interpretation  of  Holy  Scripture  at 
Oxford.    Large  crown  Svo.  7^- 
This  important  book  is  a  historical  sketch  of  O.T.  Criticism  in  llie  foini  of  biographi- 
cal studies  from  the  days  of  Eiclihorn  to  those  of  Driver  and  Robertson  Smith. 
It  is  the  only  book  of  its  kind  in  English. 
'The  volume  is  one  of  great  interest  and  value.    It  displays  all  ihc  author's  well- 
known  ability  and  learning,  and  its  opportune  publication  lias  laid  all  students  of 
theology,  and  specially  of  liible  criticism,  under  weighty  obligation. '—.!iVi!i'«,v^7«. 
A  very  learned  and  instructive  work.' — Tiiiits. 
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Prior.  CAMBRIDGE  SERMONS.  Edited  by  C.  H.  Prior, 
M. A.,  Fellow  and  Tutor  of  Pembroke  College.    Crown  Zvo.  bs. 

A  volume  of  sermons  preached  before  the  University  of  Cambridge  by  various 

preachers,  including  the  Archbishop  of  Canterbury  and  Bishop  Westcott. 
'  A  representative  collection.    Bishop  Westcott's  is  a  noble  sermon." — Guardian. 
'Full  of  thoughtfulness  and  dignity.' — Record, 

Beeching.  BRADFIELD  SERMONS.  Sermons  by  H.  C. 
Beeching,  M.A.,  Rector  of  Yattendon,  Berks.  With  a  Preface  by 
Canon  Scott  Holland.    Cro-ivn  8vo.    2s.  6d. 

Seven  sermons  preached  before  the  boys  of  Bradfield  College. 

James.  CURIOSITIES  OF  CHRISTIAN  HISTORY  PRIOR 
TO  THE  REFORMATION.  By  Croake  James,  Author  of 
'  Curiosities  of  Law  and  Lawyers.'    Croivn  %vo.    "js.  6d. 

'  This  volume  contains  a  great  deal  of  quaint  and  curious  matter,  affording  some 
"particulars  of  the  interesting  persons,  episodes,  and  events  from  the  Christian's 
point  of  view  during  the  first  fourteen  centuries."  Wherever  we  dip  into  his  pages 
we  find  something  worth  dipping  mlo.'— John  Bull. 

Kaufmann.  CHARLES  KINGSLEY.  By  M.  Kaufmann, 
M.A.    Crown  Svo.    Buckram,  ^s. 

A  biography  of  Kingsley,  especially  dealing  with  his  achievements  in  social  reform. 
'  The  author  has  certainly  gone  about  his  work  with  conscientiousness  and  industry.' — 
Sheffield  Daily  Telegraj>h. 


Leaders  of  Religion 

Edited  by  H.  C.  BEECHING,  M.A.    With  Portraits,  crown  8m 

A  series  of  short  biographies  of  the  most  pro- 
minent leaders  of  religious  life  and  thought  of 
all  ages  and  countries. 

The  following  are  ready —  2s.  6d. 

CARDINAL  NEWMAN.    By  R.  H.  HuTTON.  Second  Edition. 

'  Few  who  read  this  book  will  fail  to  be  struck  by  the  wonderful  insight  it  displays 
into  the  nature  of  the  Cardinal's  genius  and  the  spirit  of  his  life.' — Wilfrid 
Ward,  in  the  Tablet. 

'  Full  of  knowledge,  excellent  in  method,  and  intelligent  in  criticism.  We  regard  i 
as  wholly  admirable.' — Academy. 

JOHN  WESLEY.    By  J.  H.  Overton,  M.A. 

'It  is  well  done  :  the  story  is  clearly  told,  proportion  is  duly  obserA-ed,  and  there  Is 
no  lack  either  of  discrimination  or  of  sympathy.' — Manchester  Guardian. 
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BISHOP  WILBERFORCE.    By  G.  W.  Daniel,  M.A. 
CARDINAL  MANNING.    By  A.  W.  Hutton,  M.A. 
CHARLES  SIMEON.    By  H.  C.  G.  Moule,  M.A. 

3s.  6d. 

JOHN  KEBLE.    By  WALTER  LOCK,  M.A.    Seventh  Ediiion. 
THOMAS  CHALMERS.    By  Mrs.  Oliphant.   Second Editio7i. 
Other  volumes  will  be  announced  in  due  course. 

Works  by  S.  Baring  Gould 

OLD  COUNTRY  LIFE.  With  Sixty-seven  Illustrations  by 
W.  Parkinson,  F.  D.  Bedford,  and  F.  Masey.  Large  Crown 
Svo,  cloth  super  extra,  top  edge  gilt,  loj.  6^/.  Fotiiik  and  Cheaper 
Edition.  6s, 

'"Old  Country  Life,"  as  healthy  wholesome  reading,  full  of  breezy  life  and  move- 
ment, full  of  quaint  stories  vigorously  told,  will  not  be  excelled  by  any  book  to  be 
published  throughout  the  year.  Sound,  hearty,  and  English  to  thecore.' — World. 

HISTORIC  ODDITIES  AND  STRANGE  EVENTS.  Third 
Edition.    Crown  Svo.  6s. 
'  A  collection  of  exciting  and  entertaining  chapters.    The  whole  volume  is  delightful 
reading. ' — Times. 

FREAKS  OF  FANATICISM.  Third Editio7i.  CrownZvo.es. 

'  Mr.  Baring  Gould  has  a  keen  eye  for  colour  and  effect,  and  the  subjects  he  has 
chosen  give  ample  scope  to  his  descriptive  and  analytic  faculties.  A  perfectly 
fascinating  book.' — Scottish  Leader. 

SONGS  OF  THE  WEST:  Traditional  Ballads  and  Songs  of 
the  West  of  England,  with  their  Traditional  Melodies.  Collected 
by  S.  Baring  Gould,  M.A.,  and  H.  Fleetwood  Sheppard, 
M.A.  Arranged  for  Voice  and  Piano.  In  4  Parts  (containing  25 
Songs  each),  Farts  I.,  II.,  III.,  3J-.  each.  Part  IV.,  55-.  In  one 
Vol.,  French  morocco,  155. 
'A  rich  and  varied  collection  of  humour,  pathos,  grace,  and  poetic  fancy.' — Saturday 
Review. 


YORKSHIRE    ODDITIES    AND    STRANGE  EVENTS. 
Fourth  Edition.    Crown  Svo,  6s. 
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STRANGE  SURVIVALS  AND  SUPERSTITIONS,  With 
Illustrations.  By  S.  Baring  Gould.  Crcnvn  8vo.  Second  Edition. 
6s. 

A  book  on  such  subjects  as  Foundations,  Gables,  Holes,  Gallows,  Raising  the  Hat,  Old 
Ballads,  etc.  etc.    It  traces  in  a  most  interesting  manner  their  origin  and  histor>'. 

'  We  have  read  Mr.  Baring  Gould's  book  from  beginning  to  end.  It  is  full  of  quaint 
and  various  information,  and  there  is  not  a  dull  page  in  it.' — Notes  and  Queries. 

THE     TRAGEDY     OF     THE     CAESARS:  The 
Emperors  of  the  Julian  and  Claudian  Lines.    With  numerous  Illus- 
trations from  Busts,  Gems,  Cameos,  etc.    By  S.  Baring  Gould, 
Author  of  '  Mehalah,' etc.     Third  Edition.    Royal  %vo.  \^s. 
'  A  most  splendid  and  fascinating  book  on  a  subject  of  undying  interest.    The  great 
feature  of  the  book  is  the  use  the  author  has  made  of  the  e.\isting  portraits  of  the 
Caesars,  and  the  admirable  critical  subtlety  he  has  exhibited  in  dealing  with  this 
line  of  research.    It  is  brilliantly  written,  and  the  illustrations  are  supplied  on  a 
scale  of  profuse  magnificence.' — Daily  Chronicle. 
'  The  volumes  will  in  no  sense  disappoint  the  general  reader.    Indeed,  in  their  way, 
there  is  nothing  in  any  sense  so  good  in  English.  .  .  .  Mr.  Baring  Gould  h.is 
presented  his  narrative  in  such  away  as  not  to  make  one  dull  page.' — Athousum. 

MR.  BARING  GOULD'S  NOVELS 

'  To  say  that  a  book  is  by  the  author  of  "  Mehalah  "  is  to  imply  that  it  contains  a 
story  cast  on  strong  lines,  containing  dramatic  possibilities,  vivid  and  sympathetic 
descriptions  of  Nature,  and  a  wealth  of  ingenious  imagery.' — Speaker. 

'That  whatever  Mr.  Baring  Gould  writes  is  well  worth  reading,  is  a  conclusion  that 
may  be  very  generally  accepted.  His  views  of  life  are  Iresh  and  vigorous,  his 
language  pointed  and  characteristic,  the  incidents  of  which  he  makes  use  are 
striking  and  original,  his  characters  are  life-like,  and  though  somewhat  excep- 
tional people,  are  drawn  and  coloured  with  artistic  force.  Add  to  this  that  his 
descriptions  of  scenes  and  scenery  are  painted  with  the  loving  eyes  and  skilled 
hands  of  a  master  of  his  art,  that  he  is  always  fresh  and  never  dull,  and  under 
such  conditions  it  is  no  wonder  that  readers  have  gained  confidence  both  in  his 
power  of  amusing  and  satisfying  them,  and  that  year  by  year  his  popularity 
widens.' — Court  Circular. 

SIX  SHILLINGS  EACH 

IN  THE  ROAR  OF  THE  SEA  :  A  Tale  of  the  Cornish  Coast. 
MRS.  CURGENVEN  OF  CURGENVEN. 
CHEAP  JACK  ZITA. 
THE  QUEEN  OF  LOVE, 

THREE   SHILLINGS   AND   SIXPENCE  EACH 

ARMINELL  :  A  Social  Romance. 

URITH  :  A  Story  of  Dartmoor. 

MARGERY  OF  QU ETHER,  and  other  Stories. 

JACQUETTA,  and  oUier  Stories. 
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Fiction 

SIX   SHILLING  NOVELS 

Corelli.  BARABBAS  :  A  DREAM  OF  THE  WORLD'S 
TRAGEDY.  By  Marie  Corelli,  Author  of  '  A  Romance  of  Two 
Worlds,' '  Vendetta,' etc.  Eleventh  Edition.  Crown '&vo.  (>s. 
Miss  Corelli's  new  romance  has  been  received  with  much  disapprobation  by  the 
secular  papers,  and  with  warm  welcome  by  the  religious  papers.  By  the  former 
she  has  been  accused  of  blasphemy  and  bad  taste  ;  '  a  gory  nightmare' ;  '  a  hideous 
travesty';  'grotesque  vulgarisation';  "unworthy  of  criticism';  'vulgar  redun- 
dancy': 'sickening  details' — these  are  some  of  the  secular  flowers  of  speech. 
On  the  other  hand,  the  'Guardian'  praises  'the  dignity  of  its  conceptions,  the 
reserve  round  the  Central  Figure,  the  fine  imagery  of  the  scene  and  circumstance, 
so  much  that  is  elevating  and  devout ' ;  the  '  Illustrated  Church  News  '  styles  the 
book  '  reverent  and  artistic,  broad  based  on  the  rock  of  our  common  nature,  and 
appealing  to  what  is  best  in  it '  ;  the  '  Christian  World  *  says  it  is  written  '  by  one 
who  has  more  than  conventional  reverence,  who  has  tried  to  tell  the  story  that  it 
may  be  read  again  with  open  and  attentive  eyes';  tiie  'Church  of  England 
Pulpit'  welcomes  'a  book  which  teems  with  faith  without  any  appearance  of 
irreverence.' 

Benson.  DODO  :  A  DETAIL  OF  THE  DAY.  By  E.  F. 
Benson.    Crown  ?>7Jo.    Fourteenth  Edition.  6s. 

A  story  of  society  by  a  new  writer,  full  of  interest  and  power,  which  has  attracted 
by  its  brilliance  universal  attention.  The  best  critics  were  cordial  in  their 
praise.  The  '  Guardian  '  spoke  of  '  Dodo  '  as  unusually  clever  and  interesting ; 
the  'Spectator'  called  it  a  delightfully  -witty  sketch  of  society  \  the  'Speaker' 
said  the  dialogue  was  a  perpetual  feast  of  epigram  and  paradox  ;  the 
'Athenaeum'  spoke  of  the  author  as  a  writer  of  quite  exceptional  ability; 
the  '  Academy '  praised  his  amazing  cleverness  ;  the  '  World  '  said  the  book  was 
brilliajitly  written  ;  and  half-a-dozen  papers  declared  there  was  not  a  dull  page 
in  the  book. 

Baring  Gould.  IN  THE  ROAR  OF  THE  SEA:  A  Tale  of 
the  Cornish  Coast.    By  S.  Baring  Gould.    New  Edition.  6s. 

Baring  Gould.  MRS.  CURGENVEN  OF  CURGENVEN. 
By  S.  Baring  Gould.    Third  Edition.  6s. 

A  story  of  Devon  life.  The  '  Graphic '  speaks  of  it  as  a  novel  of  vigorous  humour  and 
sustained  fower  ;  the  '  Sussex  Daily  News  '  says  that  the  swing  of  the  narrative 
is  splendid;  and  the  '  Speaker'  mentions  its  bright  imaginative  fower. 

Baring  Gould.   CHEAP  JACK  ZITA.    By  S.  Baring  Gould. 

Third  Edition.     Crown  8vo.  6s. 
A  Romance  of  the  Ely  Fen  District  in  i8is,  which  the  '  Westminster  Gazette'  calls 
'a  powerful  drama  of  human  passion';  and  the  'National  Observer'  'a  story 
worthy  the  author.' 

Baring  Gould.  THE  QUEEN  OF  LOVE.  By  S.  Baring 
Gould.    Second  Edition.    Croiu/i  8vo.  6s. 

The  'Glasgow  Herald"  says  that  '  the  scenery  is  admirable,  and  the  dram.itic  inci- 
dents are  most  striking.'  The  'Westminster  Gazette'  calls  the  book  'strong, 
interesting,  and  clever."  'Puncli'  says  that  'you  cannot  put  it  down  until  you 
have  finished  it.'  'The  Sussex  Daily  News'  says  that  it  'can  be  heartily  iccont- 
mended  to  all  who  care  for  cleanly,  energetic,  and  interesting  fiction.' 
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Norris.  HIS  GRACE.  By  W.  E.  Norris,  Author  of 
'  Mademoiselle  de  Mersac'    Third  Edition.    Crown  %vo.  6s. 

'  The  characters  are  delineated  by  the  author  with  his  characteristic  skill  and 
vivacity,  and  the  story  is  told  with  that  ease  of  manners  and  Thackerayean  in- 
sight which  give  strength  of  flavour  to  Mr.  Norris's  novels  No  one  can  depict 
the  Englishwoman  of  the  better  classes  with  more  subtlety.' — Glasgoxv  Herald. 

'  Mr.  Norris  has  drawn  a  really  fine  character  in  the  Duke  of  Hurstbourne,  at  once 
unconventional  and  very  true  to  the  conventionalities  of  life,  weak  and  strong  in 
a  breath,  capable  of  inane  follies  and  heroic  decisions,  yet  not  so  definitely  por- 
trayed as  to  relieve  a  reader  of  the  necessity  of  study  on  his  own  behalf.' — 
A  t/!enau7>i. 

Parker.  MRS.  FALCHION.  By  Gilbert  Parker,  Author  of 
'Pierre  and  His  People.'  JVew  Edition.  6s. 
Mr.  Parker's  second  book  has  received  a  warm  welcome.  The  '  Athenasum '  called 
it  a  splendid  study  of  character;  the  '  Pall  Mall  Gazette '  spoke  of  the  writing  as 
but  little  behind  anything;  that  has  been  done  by  any  writer  of  our  time\  the 
'St.  James's'  called  x'i  a  very  striking  and  admirable  novel;  and  the  'West- 
minster Gazette '  applied  to  it  the  epithet  oi  distittguished. 

Parker.     PIERRE   AND    HIS   PEOPLE.     By  Gilbert 
Parker.    Crown  8vo.    Buch-am.  6s. 
'  Stories  happily  conceived  and  finely  executed.    There  is  strength  and  genius  in  Mr. 
Parker's  style.' — Daily  Telegraph. 

Parker.  THE  TRANSLATION  OF  A  SAVAGE.  By  Gilbert 
Parker,  Author  of  'Pierre  and  His  People,'  'Mrs.  Falchion,'  etc. 
Crow7i  8vo.  5^. 

'The  plot  is  original  and  one  difficult  to  work  out;  but  Mr.  Parker  has  done  it  with 
great  skill  and  delicacy.  The  reader  who  is  not  interested  in  this  original,  fresh, 
and  well-told  tale  must  be  a  dull  person  indeed.' — Daily  Chronicle. 

'  A  strong  and  successful  piece  of  workmanship.  The  portrait  of  Lali,  strong,  digni- 
fied, and  pure,  is  e.\-ceptionally  well  drawn.' — Manchester  Guardian. 

'A  very  pretty  and  interesting  story,  and  Mr.  Parker  tells  it  with  much  skill.  The 
story  is  one  to  be  read.' — .S7.  Jatnes's  Gazette. 

Anthony  Hope.  A  CHANGE  OF  AIR  :  A  Novel.  By 
Anthony  Hope,  Author  of  'The  Prisoner  of  Zenda,'  etc. 
Crown  8vo.  6s. 

A  bright  story  by  Mr.  Hope,  who  has,  the  Athenaum  says,  'a  decided  outlook  and 

individuality  of  his  own.' 
'  A  graceful,  vivacious  comedy,  true  to  human  nature.    The  characters  are  traced 
with  a  masterlj'  hand.' — Times. 

Pryce.    TIME  AND  THE  WOMAN.    By  RiCH.A-RD  Pryce, 
Author  of  '  Miss  Maxwell's  Affections,'  'The  Quiet  Mrs.  Fleming,' 
etc.    New  and  Cheaper  Edition.    Crown  8vo.  6s. 
'  Mr.  Pryce's  work  recalls  the  style  of  Octave  Feuillet,  by  its  clearness,  conciseness, 
its  literary  reserve.' — Atheiia-i^in. 


Messrs.  Methuen's  List 


23 


Marriott  Watson.  DIOGENES  OF  LONDON  and  other 
Sketches.  By  II.  B.  Marriott  Watson,  Author  of  '  The  Web 
of  the  Spider.'  Crown  ^vo.  Buckram.  6j. 
'  By  all  those  who  delight  in  the  uses  of  words,  who  rate  the  exercise  of  prose  above 
the  exercise  of  verse,  who  rejoice  in  all  proofs  of  its  delicacy  and  its  strength,  who 
believe  that  English  prose  is  chief  among  the  moulds  of  thought,  by  these 
Mr.  Marriott  Watson's  book  will  be  welcomed.' — National  Observer. 

Gilchrist.  THE  STONE  DRAGON.  By  Murray  Gilchrist. 

Crown  Zvo.   Buckram.  (>s. 

'The  author's  faults  are  atoned  for  by  certain  positive  and  admirable  merits.  The 
romances  have  not  their  counterpart  in  modern  literature,  and  to  read  them  is  a 
unique  experience. ' — National  Observer. 

THREE-AND-SIXPENNY  NOVELS 

Baring  Gould.  ARMINELL:  A  Social  Romance.  By  S. 
Baring  Gould.    Ne-iu  Edition.    Crown  8vo.    ^s.  6d. 

Baring  Gould.  URITH  :  A  Story  of  Dartmoor.  By  S.  Baring 
Gould.    Third  Edition.    Crown  8vo.    2^.  6d. 

'  The  author  is  at  his  best.' — Times. 

'  He  has  nearly  reached  the  high  water-mark  of  "  Mehalah."  ' — National  Observer. 

Baring  Gould.  MARGERY  OF  QUETHER,  and  other  Stories. 
By  S.  Baring  Gould.    Crown  8vo.    2^.  6d. 

Baring  Gould.  JACQUETT A,  and  other  Stories.  By  S.  Baring 
Gould.    Crown  Sw.  2^- 

Gray.  ELSA.  A  Novel.  By  E.  M'QUEEN  Gray.  CrownZvo. 
y.  6d. 

'A  charming  novel.  The  characters  are  not  only  powerful  sketches,  but  minutely 
and  carefully  finished  portraits.' — Guardian. 

Pearce.    JACO  TRELOAR.     By  J.  H.  Pearce,  Author  of 

'Esther  Pentreath.'    New  Edition.    Crown  ivo.  y.6d. 
A  tragic  story  of  Cornish  life  by  a  writer  of  remarkable  power,  whose  first  novel  has 

been  highly  praised  by  Mr.  Gl<-i<lstone. 
The  '  Spectator '  speaks  of  Mr.  Pearce  as  a  writer  0/ exceptional  power;  the  '  Daily 

Telegraph'  calls  the  book  powerjul  and  picturesque;  the  'Birmingham  Post' 

asserts  that  it  is  a  no^iel  0/ kij;k  quality. 

Edna  Lyall.  DERRICK  VAUGHAN,  NOVELIST.  By 
Edna  Lyall,  Author  of  '  Donovan,'  etc.    Crown  Hvo.    3s.  6d. 

Clark  RusseU.  MY  DANISH  SWEETHEART.  By  W. 
Clark  Russell,  Author  of  'The  Wreck  of  the  Grosvcnor,"  etc. 
Illustrated.    Third  Edition.    Croicn  8vo.    is.  6d. 
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Author  of  'Vera.'    THE  DANCE  OF  THE  HOURS.  By 

the  Author  of  '  Vera.'    Croivn  8vo.    35.  6d. 

Esmh  Stuart.    A  WOMAN  OF  FORTY.    By  Esme  Stuart, 
Author  of  'Muriel's  Marriage,'  'Virginie's  Husband,'  etc.  New 
Edition.     Croivn  8vo.     y.  6d. 
'The  story  is  well  written,  and  some  of  the  scenes  show  great  dramatic  power.' — 
Daily  Clironicle. 

Fenn.     THE  STAR  GAZERS.     By  G.  Manville  Fenn, 
Author  of  '  Eli's  Children,'  etc.    New  Edition.    Cr.  Svo.    31.  6d. 
'  A  stirring  romance.' — Western  Morning  News. 

'Told  with  all  the  dramatic  power  for  which  Mr.  Fenn  is  conspicuous.' — Bradford 
Observer. 

Dickinson.    A  VICAR'S  WIFE.    By  Evelyn  Dickinson. 

Crown  Svo.    35-.  6d. 

Prowse.   THE  POISON  OF  ASPS.    By  R.  Orton  Prowse. 
Croivn  Svo.    31.  6d. 


Grey.    THE  STORY  OF   CHRIS.    By  Rowland  Grey. 

Crown  Svo.  ^s. 

Lynn  Linton.  THE  TRUE  HISTORY  OF  JOSHUA  DAVID- 
SON, Christian  and  Communist.  By  E.  Lynn  Linton.  Eleventh 
Edition.    Post  Svo.  is. 


HALF-CROWN  NOVELS 

A  Series  of  Novels  by  popular  Authors,  tastefully 
boimd  in  cloth. 


2/6 


1.  THE  PLAN  OF  CAMPAIGN.    By  F.  Mabel  Robinson. 

2.  DISENCHANTMENT.    By  F.  Mabel  Robinson. 

3.  MR.  BUTLER'S  WARD.    By  F.  Mabel  Robinson. 

4.  HOVENDEN,  V.C.   By  F.  Mabel  Robinson. 

5.  ELI'S  CHILDREN.  By  G.  Manville  Fenn. 

6.  A  DOUBLE  KNOT.    By  G.  Manville  Fenn. 

7.  DISARMED.    By  M.  Betham  Edwards. 

8.  A  LOST  ILLUSION.    By  Leslie  Keith. 

9.  A  MARRIAGE  AT  SEA.    By  W.  Clark  Russei.l. 
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10.  IN  TENT  AND  BUNGALOW.  By  the  Author  of  '  Indian 

Idylls." 

11.  MY  STEWARDSHIP.    By  E.  M'Queen  Gray. 

12.  A  REVEREND  GENTLEMAN.    By  J.  M.  Cobban. 

13.  A  DEPLORABLE  AFFAIR.     By  W.  E.  NORRis. 

14.  JACK'S  FATHER.    By  W.  E.  Norris. 

Other  volumes  will  be  announced  in  due  course. 


Books  for  Boys  and  Girls 

Baring  Gould.  THE  ICELANDER'S  SWORD.  By  S. 
Baring  Gould,  Author  of  'Mehalah,'  etc.  With  Twenty-nine 
Illustrations  by  J.  MoYR  Smith.    Croivn^vo.  6j. 

A  stirring  story  of  Iceland,  written  for  boys  by  the  author  of  '  In  the  Roar  of  the  Sea. 

CutheU.    TWO  LITTLE  CHILDREN  AND  CHING.  By 
Edith  E.  Cuthell.    Profusely  Illustrated.    Crown  8vo.  Cloth, 
gilt  edges,    y.  bd. 
Another  story,  with  a  dog  hero,  by  the  author  of  the  very  popular  '  Only  a  Guard- 
Room  Dog. ' 

Blake.    TODDLEBEN'S  HERO.  By  M.  M.  Blake,  Author  of 
'The  Siege  of  Norwich  Castle.'     With  36  Illustrations.  Crown 
%vo.    1$.  6d. 
A  story  of  military  life  for  children. 

CutheU.  ONLY  A  GUARD-ROOM  DOG,  By  Mrs.  Cuthell. 
With  16  Illustrations  by  W.  Parkinson.  Sr/uare  Croivn  8vo.  y.  6d. 

'  This  is  a  charming  story.  Tangle  was  but  a  little  mongrel  Skye  terrier,  but  he  had  a 
big  heart  in  his  little  body,  and  played  a  hero's  p.irt  more  than  once.  The  book 
can  be  warmly  recommended.' — Standard. 

Collingwood.  THE  DOCTOR  OF  THE  JULIET.  By  Harry 
COLLINGWOOD,  Author  of  'The  Pirate  Island,'  etc.  Illustrated  by 
Gordon  Browne.    Crown  8vo.    y.  6d. 

'  "The  Doctor  of  the  Juliet,"  well  illustrated  by  Gordon  Browne,  is  one  of  Harry 
Collingwood's  best  efforts.' — Morninf^  Post. 
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Clark  Russell.  MASTER  ROCKAFELLAR'S  VOYAGE.  By 
W.  Clark  Russell,  Author  of  '  The  Wreck  of  the  Grosvenor,'  etc. 
Illustrated  by  Gordon  Browne.  Second  Edition,  Crown  8vo. 
3s.  6d. 


'Mr.  Clark  Russell's  story  of  "Master  Rockafellar's  Voyage  "will  be  among  the 
favourites  of  the  Christmas  books.  There  is  a  rattle  and  "  go"  all  through  it,  and 
its  illustrations  are  charming  in  themselves,  and  very  much  above  the  average  in 
the  way  in  which  they  are  produced.' — Guardian. 

Manville  Fenn.  SYD  BELTON  :  Or,  The  Boy  who  would  not 
go  to  Sea.  By  G.  Manville  Fenn,  Author  of  '  In  the  King's 
Name,'  etc.    Illustrated  by  Gordon  Browne.    Crown  Hvo.    3^.  6d. 

Who  among  the  young  story-reading  public  will  not  rejoice  at  the  sight  of  the  old 
combination,  so  often  proved  admirable— a  story  by  Manville  Fenn,  illustrated 
by  Gordon  Browne?  The  story,  too,  is  one  of  the  good  old  sort,  full  of  life  and 
vigour,  breeziness  and  fun.' — Journal  0/ Education. 


1.  A  PINCH  OF  EXPERIENCE.    By  L.  B.  Walford. 

2.  THE  RED  GRANGE.    By  Mrs.  Molesworth. 

3.  THE  SECRET  OF  MADAME  DE  MONLUC.     By  the 

Author  of  '  Mdle  Mori.' 

4.  DUMPS.    ByMrs.  Parr,  Author  of  'Adam  and  Eve.' 

5.  OUT  OF  THE  FASHION.    By  L.  T.  Meade. 

6.  A  GIRL  OF  THE  PEOPLE.    By  L.  T.  Meade. 

7.  HEPSY  GIPSY.    By  L.  T.  Meade.    2j.  td. 

8.  THE  HONOURABLE  MISS.  By  L.  T.  Meade. 

9.  MY  LAND  OF  BEULAH.    By  Mrs.  Leith  Adams. 

University  Extension  Series 


A  series  of  books  on  historical,  literary,  and  scientific  subjects,  suitable 
for  extension  students  and  home  reading  circles.    Each  volume  is  com- 


A  Series  of  Books  for  Girls  by  well-known  Authors, 
handsomely  bound  in  blue  and  silver,  and  well  illustrated. 
Crown  8vo. 
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plete  in  itself,  and  the  subjects  are  treated  by  competent  writers  in  a 
broad  and  philosophic  spirit. 

Edited  by  J.  E.  SYMES,  M.A., 
Principal  of  University  College,  Nottingham. 
Crown  Zvo.    Price  {with  some  exceptions)  2s.  6d. 
The  followi7ig  volumes  are  ready : — 
THE  INDUSTRIAL  HISTORY  OF  ENGLAND.    By  H.  de 
B.  GiBBiNS,  M.A.,  late  Scholar  of  Wadham  College,  Oxon.,  Cobden 
Prizeman.    Third  Edition.    With  Maps  and  Plans.  3^. 
"A  compact  and  clear  story  of  our  industrial  development.    A  study  of  this  concise 
but  luminous  book  cannot  fail  to  give  the  reader  a  clear  insight  into  the  principal 
phenomena  of  our  industrial  history.  The  editor  and  publishers  are  to  be  congrat- 
ulated on  this  first  volume  of  their  venture,  and  we  shall  look  with  expectant 
interest  for  the  succeeding  volumes  of  the  series.' — University  Extension  Journal. 

A  HISTORY  OF  ENGLISH  POLITICAL  ECONOMY.  By 
L.  L.  Price,  M.A.,  Fellow  of  Oriel  College,  Oxon. 

PROBLEMS  OF  POVERTY :  An  Inquiry  into  the  Industrial 
Conditions  of  the  Poor.    By  J.  A.  Hobson,  M.A. 

VICTORIAN  POETS.    By  A.  Sharp. 

THE  FRENCH  REVOLUTION.   By  J.  E.  Symes,  M.A. 

PSYCHOLOGY.  By  F.  S.  Granger,  M.A.,  Lecturer  in  Philo- 
sophy at  University  College,  Nottingham. 

THE  EVOLUTION  OF  PLANT  LIFE  :  Lower  Forms.  By 
G.  Massee,  Kew  Gardens.    With  Illustrations. 

AIR  AND  WATER.    Professor  V.  B.  Lewes,  M.A.  Illustrated. 

THE  CHEMISTRY  OF  LIFE  AND  HEALTH.  By  C.  W. 
KiMMiNS,  M.A.  Camb.    Illustrated.  . 

THE  MECHANICS  OF  DAILY  LIFE.  By  V.  P.  Sells,  M.A. 
Illustrated. 

ENGLISH  SOCIAL  REFORMERS.   H.  DE  B.  Gibbins,  M.A. 

ENGLISH  TRADE  AND  FINANCE  IN  THE  SEVEN- 
TEENTH CENTURY.  By  W.  A.  S.  Hewins,  B.A. 

THE  CHEMISTRY  OF  FIRE.  The  Elementary  Principles  of 
Chemistry.    By  M.  M.  Pattison  MuiR,  M.  A.  Illustrated. 

A  TEXT-BOOK  OF  AGRICULTURAL  BOTANY.  By  M.  C. 
Potter,  M.A.,  F.L.S.    Illustrated,    y.  6d. 
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THE  VAULT  OF  HEAVEN.  A  Popular  Introduction  to 
Astronomy.    By  R.  A.  Gregory.    With  numerous  Illustrations. 

METEOROLOGY.  The  Elements  of  Weather  and  Climate. 
By  H.  N.  Dickson,  F.R.S.E.,  F.R.  Met.  See.  Illustrated. 

A  MANUAL  OF  ELECTRICAL  SCIENCE.  By  GEORGE 
J.  BuRCH,  M.A.    With  numerous  Illustrations.  3^. 


Social  Questions  of  To-day- 
Edited  by  H.  DE  B.  GIBBINS,  M.A. 

Crown  SzJO.    2s.  6d.  ^  I 

A  series  of  volumes  upon  those  topics  of  social,  economic,  / 
and  industrial  interest  that  are  at  the  present  moment  fore- 
most in  the  public  mind.    Each  volume  of  the  series  is  written  by  an 
author  who  is  an  acknowledged  authority  upon  the  subject  with  which 
he  deals. 

T/ie  following  Volumes  of  the  Series  are  ready  : — 

TRADE  UNIONISM— NEW  AND  OLD.  By  G.  Howell, 
M.P. ,  Author  of  'The  Conflicts  of  Capital  and  Labour.'  Second 
Edition. 

THE  CO-OPERATIVE  MOVEMENT  TO-DAY.  By  G.  J. 
HoLYOAKE,  Author  of  '  The  History  of  Co-operation.' 

MUTUAL  THRIFT.    By  Rev.  J.  Frome  Wilkinson,  M.A., 

Author  of  '  The  Friendly  Society  Movement.' 
PROBLEMS  OF  POVERTY  :  An  Inquiry  into  the  Industrial 

Conditions  of  the  Poor.    By  J.  A.  Hobson,  M.A. 

THE  COMMERCE  OF  NATIONS.     By  C.  F.  Bastable, 

M.  A.,  Professor  of  Economics  at  Trinity  College,  Dublin. 
THE  ALIEN  INVASION.  By  W.  H.  Wilkins,  B.A.,  Secretary 

to  the  Society  for  Preventing  the  Immigration  of  Destitute  Aliens. 
THE  RURAL  EXODUS.   By  P.  Anderson  Graham. 
LAND  NATIONALIZATION.    By  Harold  Cox,  B.A. 
A  SHORTER  WORKING  DAY.     By  H.  DE  B.  GiBBlNS 

and  R.  A.  Hadfield,  of  the  Ilecla  Works,  Sheffield. 
BACK  TO  THE  LAND  :  An  Inquiry  into  the  Cure  for  Rural 

Depopulation.    By  H.  E.  Moore. 
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TRUSTS,  POOLS  AND  CORNERS  :  As  affecting  Commerce 
and  Industry.    By  J.  Stephen  Jeans,  M.R.I.,  F.S.S. 

THE  FACTORY  SYSTEM.    By  R.  Cooke  Taylor. 

THE  STATE   AND    ITS   CHILDREN.     By  Gertrude 

TUCKWELL. 

Classical  Translations 

Edited  by  H.  F.  FOX,  M.A.,  Fellow  and  Tutor  of  Brasenose 
College,  Oxford. 

Messrs.  Methuen  propose  to  issue  a  New  Series  of  Translations  from 
the  Greek  and  Latin  Classics.  They  have  enlisted  the  services  of  some 
of  the  best  Oxford  and  Cambridge  Scholars,  and  it  is  their  intention  that 
the  Series  shall  be  distinguished  by  literary  excellence  as  well  as  by 
scholarly  accuracy. 

Cr<nvn  ?>vo.    Finely  printed  and  bound  in  blue  buckram. 

CICERO— De  Oratore  I.  Translated  by  E.  N.  P.  MoOR,  M.A., 
Assistant  Master  at  Clifton.    3^-.  6d. 

^SCHYLUS — Agamemnon,  Choephoroe,  Eumenides.  Trans- 
lated by  Lewis  Campbell,  LL.D.,  late  Professor  of  Greek  at  St. 
Andrews.  5^. 

LUCIAN — Six  Dialogues  (Nigrinus,  Icaro-Menippus,  The  Cock, 

The  Ship,  The  Parasite,  The  Lover  of  Falsehood).    Translated  by 

S.  T.  Irwin,  M.A.,  Assistant  Master  at  Clifton;  late  Scholar  of 

Exeter  College,  Oxford.    3^.  dd. 
SOPHOCLES— Electra  and  Ajax.     Translated  by  E.  D.  A. 

MoRSHEAD,  M.A.,  late  Scholar  of  New  College,  Oxford  ;  Assistant 

Master  at  Winchester.    2.s.  6d. 
TACITUS— Agricola   and   Germania.     Translated   by   R.  B. 

TowNSHEND,  late  Scholar  of  Trinity  College,  Cambridge.    2s.  6d. 
CICERO— Select  Orations  (Pro  Milone,  Pro  Murena,  Philippic  il., 

In  Catilinam).    Translated  by  H.  E.  D.  Blakiston,  M.A.,  Fellow 

and  Tutor  of  Trinity  College,  Oxford.  S^. 

Methuen's  Commercial  Series 

BRITISH  COMMERCE  AND  COLONIES  FROM  ELIZA- 
BETH TO  VICTORIA.  By  H.  de  B.  Gibbins,  M.A.,  Author 
of  'The  Industrial  History  of  England,'  etc.,  etc.  2s. 
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A  MANUAL  OF  FRENCH  COMMERCIAL  CORRES- 
PONDENCE. By  S.  E.  Bally,  Modern  Language  Master  at 
the  Manchester  Grammar  School.  2s. 

COMMERCIAL  GEOGRAPHY,  with  special  reference  to  Trade 
Routes,  New  Markets,  and  Manufacturing  Districts.  By  L.  D. 
Lyde,  M.A.,  of  The  Academy,  Glasgow.  2s. 

COMMERCIAL  EXAMINATION  PAPERS.  By  H.  DE  B. 
GiBBiNS,  M.A.    IS.  6(i. 

THE  ECONOMICS  OF  COMMERCE.  By  H.  DE  B.  Gibbins, 
M.A.    IS.  6d. 

A  PRIMER  OF  BUSINESS.    By  S.  Jackson,  M.A.    is.  6d. 

COMMERCIAL  ARITHMETIC.  By  F.  G.  Taylor, 
M.A.    IS.  6d. 

Works  by  A.  M,  M.  Stedman,  M.A. 

INITIA  LATINA  :  Easy  Lessons  on  Elementary  Accidence. 
Second  Editio7t.    Fcap.  8vo.  is. 

FIRST  LATIN  LESSONS.    Fourth  Edition    CrownZvo.  2s. 

FIRST  LATIN  READER.  With  Notes  adapted  to  the  Shorter 
Latin  Primer  and  Vocabulary.  Second  Editio/i.   Crown  8vo.    is.  6d. 

EASY  SELECTIONS  FROM  CAESAR.  Part  l.  The  Hel- 
vetian War.    i8mo.  is. 

EASY  SELECTIONS  FROM  LIVY.  Part  I.  The  Kings  of 
Rome.    i8mo.    is.  6d. 

EASY  LATIN  PASSAGES  FOR  UNSEEN  TRANSLATION. 
Third  Edition.    Fcap.  8vo.    Is.  6d. 

EXEMPLA  LATINA  :  First  Exercises  in  Latin  Accidence. 
With  Vocabulary.    Croxvn  8vo.  Is. 

EASY  LATIN  EXERCISES  ON  THE  SYNTAX  OF  THE 
SHORTER  AND  REVISED  LATIN  PRIMER.  With  Vocabu- 
lary. Fourth  Edition.  Croivn  8vo.  2s.  6d.  Issued  with  the  con- 
sent of  Dr.  Kennedy. 

THE  LATIN  COMPOUND  SENTENCE  RULES  AND 
EXERCISES.    CroTvn  8vo.    2s.    With  Vocabulary.    2s.  6d. 
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NOTANDA  QUAEDAM  :  Miscellaneous  Latin  Exercises  on 
Common  Rules  and  Idioms.  With  Vocabulary.  Second  Edition. 
Fcap.  8vo.    IS.  6d. 

LATIN  VOCABULARIES  FOR  REPETITION:  Arranged 
according  to  Subjects.    Fourth  Edition.    Fcap.  Sivo.    is.  6d. 

A  VOCABULARY  OF  LATIN  IDIOMS  AND  PHRASES. 
l8mo.  IS. 

LATIN  EXAMINATION  PAPERS  IN  MISCELLANEOUS 
GRAMMAR  AND  IDIOMS.    FouriA  Edition. 

A  Key,  issued  to  Tutors  and  Private  Students  only,  to  be  had  on 
application  to  the  Publishers.    Second  Edition.    Crown  8vo.  6s. 

STEPS  TO  GREEK.    i8mo.  is.6d. 

EASY  GREEK  PASSAGES  FOR  UNSEEN  TRANSLA- 
TION.   Fcap.  8vo.    IS.  6d. 

EASY  GREEK  EXERCISES  ON  ELEMENTARY  SYNTAX. 

[/«  preparation, 

GREEK  VOCABULARIES  FOR  REPETITION  :  Arranged 
according  to  Subjects.    Second  Edition.    Fcap.  ?>vo.    is.  6d. 

GREEK  TESTAMENT  SELECTIONS.  For  the  use  of 
Schools,  l^iird  Edition.  With  Introduction,  Notes,  and  Vocabu- 
lary.   Fcap.  8vo.    2s.  6d. 

GREEK  EXAMINATION  PAPERS  IN  MISCELLANEOUS 
GRAMMAR  AND  IDIOMS.  Third  Edition.  Key  (issued  as 
above).  6s. 

STEPS  TO  FRENCH.    iZmo.  8d. 

FIRST  FRENCH  LESSONS.    Crown  Zvo.  \s. 

EASY  FRENCH  PASSAGES  FOR  UNSEEN  TRANSLA- 
TION.   Second  Edition.    Fcap.  8vo.    is.  6d. 

EASY  FRENCH  EXERCISES  ON  ELEMENTARY  SYN- 
TAX.   With  Vocabulary.    Crown  Svo.    2s.  6d. 

FRENCH  VOCABULARIES  FOR  REPETITION  :  Arranged 
according  to  Subjects.     7^hird  Edition.    Fcap.  8vo.  \s. 

FRENCH  EXAMINATION  PAPERS  IN  MISCELLANE- 
OUS GRAMMAR  AND  IDIOMS.  Smenth  Edition.  Crown 
Svo.    2s.  6d.    Key  (issued  as  above).  6s. 

GENERAL  KNOWLEDGE  EXAMINATION  PAPERS. 
Second  Edition.    Crown  Svo.    2s.  6d.    Key  (issued  as  above).  7s. 
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School  Examination  Series 

Edited  by  A.  M.  M.  STEDMAN,  M.A.     Crown  8vo.    2s.  6d. 
FRENCH  EXAMINATION  PAPERS  IN  MISCELLANE- 
OUS GRAMMAR  AND  IDIOMS.  By  A.  M.  M.  Stedman,  M.A. 
Sixth  Edition. 

A  Key,  issued  to  Tutors  and  Private  Students  only,  to  be  had  on 
application  to  the  Publishers.    Second  Edition.    Crown  Svo.  6s. 

LATIN  EXAMINATION  PAPERS  IN  MISCELLANEOUS 
GRAMMAR  AND  IDIOMS.  By  A.  M.  M.  Stedman,  M.A. 
Fourth  Edition.    Key  (issued  as  above).  6^. 

GREEK  EXAMINATION  PAPERS  IN  MISCELLANEOUS 
GRAMMAR  AND  IDIOMS.  By  A.  M.  M.  Stedman,  M.A. 
Third  Edition.    Key  (issued  as  above).  6j. 

GERMAN  EXAMINATION  PAPERS  IN  MISCELLANE- 
OUS GRAMMAR  AND  IDIOMS.  By  R.  J.  Morich,  Man- 
chester.   Third  Edition.    Key  (issued  as  above).  6y. 

HISTORY  AND  GEOGRAPHY  EXAMINATION  PAPERS. 
By  C.  H.  Spence,  M.A.,  Clifton  College. 

SCIENCE  EXAMINATION  PAPERS.  By  R.  E.  Steel,  M.A., 
F.C.S. ,  Chief  Natural  Science  Master  Bradford  Grammar  School. 
In  three  vols.    Part  I.,  Chemistry  ;  Part  II.,  Physics. 

GENERAL  KNOWLEDGE  EXAMINATION  PAPERS. 
By  A.  M.  M.  Stedman,  M.A.  Second  Edition.  Key  (issued  as 
above),  "js. 

Primary  Classics  . 

With  Introductions,  Notes,  and  Vocabularies.    \%7no.    \s.  and  \s.  6d. 

FIRST  LATIN  READER.  By  A.  M.  M.  Stedman,  M.A.  is.6d. 

EASY  SELECTIONS  FROM  CAESAR— THE  HELVETIAN 
WAR.    Edited  by  A.  M.  M.  Stedman,  M.A.  is. 

EASY  SELECTIONS  FROM  LIVY-THE  KINGS  OF 
ROME.    Edited  by  A.  M.  M.  Stedman,  M.A.    is.  6d. 

EASY  SELECTIONS  FROM  HERODOTUS— THE  PER- 
SIAN WARS.    Edited  by  A.  G.  Liddell,  M.A.    is.  6d. 
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